DISTRIBUTIONAL ECOLOGY OF SOME ACRIDIDAE 
(ORTHOPTERA) IN THE DUNES OF 
VOORNE, NETHERLANDS 

BY 

B. M. LENSINK 

Oostvoorne 

Contents 

General introduction.358 

The vegetation of the landward dunes and the microclimate.360 

The vegetation.360 

Introduction.360 

General description of the terrain.361 

Botanical description of the vegetation.362 

Vegetational types and structural changes.363 

The choice and distribution of the quadrats.370 

The microclimate.371 

The grasshoppers.374 

The grasshoppers in the dunes of Voorne and the choice of the working terrain 374 

The identification of the instars.376 

The number of instars.377 

The sampling technique .378 

Periodicity and phenological data.379 

The numbers of grasshoppers.384 

The hatching sites.387 

Introduction.387 

The hatching sites of M, maculatus .387 

The hatching sites of C. biguttulus .392 

The hatching sites of C. albomarginatus .396 

The distribution of the grasshoppers during the season.398 

The distribution of M. maculatus .398 

The distribution of C. biguttulus .411 

The distribution of C, albomarginatus .417 

The activities of the grasshoppers during the day.427 

Introduction."^27 

The diurnal activities of M. maculatus .428 

The diurnal activities of C. biguttulus .434 

The diurnal activities of C. albomarginatus .435 

Summary.^37 

Discussion.. 

Acknowledgments."^"^2 

References 


442 





































358 


TiJDSCHRIFT VOOR EnTOMOLOGIE, DEEL 106, AFL. 8, 1963 


General Introduction 

Experience in making an inventory of a given region has consistently shown that 
a species is not equally distributed over the area in which it occurs. In some places 
it is completely absent and in others its numbers vary greatly from place to place. 
In approaching this phenomenon from the point of view of the ecology of 
distribution, attention is given on the one hand to the structure of the animal, 
its physiological characteristics and behaviour, and on the other hand to the 
environmental factors, both biotic and abiotic. At this point the student encounters 
an extremely complex network of relationships. For the present it is impossible 
to investigate the whole of such a network or even the whole of one of its parts. 
We are forced to limit ourselves to the investigation of some of the relations 
between some of these factors. This may, however, make it possible to distinguish 
the nature of the totality of the mutually operative relations. 

A systematic approach is nevertheless indispensable. This type of investigation 
can usually be divided into three phases. First, the places in which a particular 
species occurs in the area are established; second, in a field study the factors are 
determined which might be responsible for the restriction of the species to that 
environment; and third, a laboratory investigation is made to determine whether 
the reaction of the animals to various factors is such that what has been observed 
in the field can be understood. 

The distribution of three species of grasshoppers, Myrmeleotettix maculaUis 
(Thunb.), Chorthippus biguttulns (L.) and Chorthtppus albomarginatus (de 
Geer), found on the island of Voorne (4°,5'W, 51°.54'N) in the Netherlands 
was investigated between 1953 and 1955. Of the three investigational phases 
mentioned above, only two could be fully carried out. The newly-built field 
laboratory was not yet properly equipped, which meant that the third phase could 
only be realised for a few factors with very simple procedures. Nevertheless, this 
situation did not detract from the fact that a comparative investigation into the 
distribution of the three species of grasshoppers over a small area of the dune 
region made it possible to understand the situation observed in the field, this in 
turn providing an understanding of the nature of the relationships between the 
various entities. 

A study of the factors in the environment which determine localization requires 
the analysis of the very complex totality of relationships affecting life. Such analysis 
can only be productive when it is possible to select an environment without too 
large variations or too strong extremes. 

On the basis of these considerations, distribution was studied in a small area, 
in this case a section of older stabilized (landward) dunes (measuring 1.5 hectare) 
which was almost entirely covered with grass. This had advantages over a study 
made in an area with a great variety of vegetational structures. It not only sim¬ 
plified the technical aspects of the study but also permitted a more intensive study 
of the mutual dependence of the distribution of the species in all their develop¬ 
mental stages and the various environmental factors. In addition, the apparently 
limited variation in this vegetation proved to be a crucial factor for organisms 
spending their entire lives in that vegetation without many possibilities to escape 
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from it (UVAROV, 1928 and Clark, 1948). This region had the further advantage 
that the three species of grasshoppers are all present on the same terrain and could 
thus be investigated simultaneously. Differences and agreement between phen¬ 
omena offer the observer increased opportunity to penetrate to the basic relation¬ 
ships between animal and environment. 

This region was chosen after a rough inventory had been made of the dune 
area on Voorne (p. 374). 

A special sampling technique was developed for the investigation into the 
distribution of the three species of grasshoppers, with particular view to the local 
circumstances (p. 378). With this technique, the distribution could be studied 
from the initial egg stage to the adult. 

For this investigation a large number of quadrats was chosen in the various 
types of vegetation and sampled during the season (from April to November) 
with our method. Although no difficulty was encountered in identifying the adults 
of the three species, practicable field-characteristics had to be chosen for distin¬ 
guishing the immature stages of each of the species and the corresponding stages 
of all three (p. 376). 

During the three years in which the study was carried out, an attempt was made 
to establish as accurately as possible when the various stages appeared in the field 
and when they disappeared from it. The relationship between this annually .recur¬ 
ring phenomenon and the climatic factors at the time was also studied (p. 398). 

In addition to the attention given to distribution during the season, observations 
were also made of the activities of the animals during the period of a day under 
various weather conditions (p. 427). It is particularly this latter kind of study 
which, by observation of the animal from minute to minute, greatly increases the 
understanding of an animal. It reveals the manner in which the animals move 
about in the vegetation, where their courtship occurs, where and for how long 
they sun themselves, what diet they choose, how and where the eggs are laid, how 
they react to all kinds of enemies, etc. 

In this picture, the vegetation is extremely important and very complex. It serves 
not only as a source of food but also as a place in which to live. The vegetation, 
which has a patchy distribution is characterized not only phyto-cenologically but 
also structurally (p. 364), Special attention has been given to the structural changes 
which occur during the year and from year to year. Periodic changes in the 
vegetation produce changes in the character of the animal’s habitat. Such changes 
may create conditions under which the animals cannot live, and this may result 
in migration. 

The vegetation is subject to climatic influences. But it is the vegetation and the 
structure of the soil (which in its turn is also partially influenced by the vegeta¬ 
tion) that create the peculiar phenomenon of the microclimate. Vestal (1913) 
refers to this point, and Uvarov (1928), Franz (1931), Strohecker (1937) 
and Clark (1948), among others, emphasize the importance of microclimatological 
investigation in the study of the distribution of grasshoppers. 

The investigation of this extremely important microclimate could not be carried 
out because the proper instruments were lacking. Stoutjesdijk (1961) later 
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investigated, in the same locality, on a number of points the variations in micro- 
climate within the vegetation in the course of a day and the season. These data 
and the general pattern of the microclimate in the various types of vegetation are 
described (p. 372). The investigation of the activities of the insects during the 
day revealed very clearly how sensitive they are to changes in climatological 
conditions. Franz (1931, 1933) stresses this sensitivity by calling the Orthoptera 
climate indicators. 


THE VEGETATION OF THE LANDWARD DUNES AND THE 
MICROCLIMATE 
The vegetation 

Introduction 

The vegetation occupies an important place in the lives of the grasshoppers. 
It is not only a source of food, it also forms a predominant part of the environ¬ 
ment of these insects. For this reason, much attention was paid to the characteristics 
of the vegetation present in the area in which the investigation was carried out. 

As a source of food, the composition of the vegetation has little influence on 
the distribution of the grasshoppers because their primary preference is for grasses 
and sedges. These plants are present in the entire field in which the study was 
made, some even dominating the grass cover. 

As environment, however, the vegetation is very important for the distribution 
of the grasshoppers. They seek those places that agree with their vital requirements 
such as locomotion, protection against predators, protection against climatic 
extremes, and the maintenance of reasonable heat and water economy. 

This environment is determined by the structure of the vegetation and the 
microclimate prevailing in it. These two aspects are very closely related. The 
structure of the vegetation is determined by the qualitative and quantitative 
characteristics of the various parts of which it is composed, and shows differences 
from one place to another that are dependent of the botanical composition and 
habitat factors. The structure of any given place will also in the majority of cases 
vary rather strongly in the course of a year (seasonal dynamics, Boerboom, 1957a) 
and may differ from year to year depending on annual changes in the macro¬ 
climate. 

During the investigation, as many data as possible concerning the vegetation 
were collected and the most striking changes noted. Samples were made at many 
points, and the development of the various layers in the vegetation and the height 
of the most important plants was followed. 

In the plant growth of the landward dunes, eight communities and vegetations 
are distinguished. However, this characterization does not express the seasonal 
dynamics of the vegetation. The vegetation, in all its variations, is therefore 
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described in a different manner which reveals peculiarities in the structure that 
may be important to the life cycle of the grasshopper. On the basis of the finer 
nuances in the vegetation, a number of types are distinguished, each with a specific 
structure and annual development. For each of these types the grasshopper popu¬ 
lation was estimated several times during the season in a number of 3 sq.m 
quadrats. 

The nomenclature used in this work for the higher plants is taken from Heu- 
KELS & VAN OosTSTROOM (1956) and for the mosses from van der Wijk & 
Margadant (1947). The infraspecific taxa of many plants characteristic for the 
dunes were chosen, after consultation with E. van der Maarel who has investi¬ 
gated the vegetation of the dunes of Voorne, in agreement with Boerboom 
(1957b), The phyto-cenological nomenclature is borrowed primarily from West- 
HOFF, Dijk, Passchier & SiSSINGH (1946), 

General description of the terrain 

The grassy and slightly rolling landward dunes on the border of the munici¬ 
palities of Oostvoorne and Rockanje comprise two parts separated by market 
gardens, hedges and a road. The investigation was carried out in the part of the 
terrain lying furthest to the west (Plate 2). This part of the dunes is bordered on 
the west, north, and east by market gardens. The only connection between this 
part and the younger dunes is by a small path through a wood. The dunes are 
separated from the market gardens by a thick and in some places quite high hedge 
of hawthorn trees. To the south is the Tenella-plas, an educational public garden 
surrounded by trees of medium height. The entire terrain is therefore completely 
isolated from all other dune regions in which grasshoppers are found. Migration 
from these regions is practically excluded; grasshoppers are seldom seen in the 
market gardens. 

The maximal difference in elevation between the highest and lowest ground is 
3 metres. The more elevated parts of the otherwise rather flat field are relatively 
dry. The lower parts are rich in humus and moist; particularly in the winter and 
early spring of the years in which the investigation was done, these places were 
spongy and in some spots even covered with water. 

The landward dune formerly served as pasture land for goats and horses, and 
this fact probably gave the present vegetation the chance to develop. A large 
number of plant species is found, more than 60 species being present. 

The area may be generally characterized as dry and more or less densely covered 
grassland. Wide differences in structure occur, partially caused by the stand. The 
higher parts are covered with a thin vegetation, often rich in herbs, with a highly- 
developed moss layer that partially or entirely covers the soil. Where the moss 
does not entirely cover it, the sandy soil is visible. In the transitional areas between 
the higher and lower parts, the grass cover is thicker and the moss covers less of 
the surface. In the lower spots the grass cover is very thick and locally rich in 
herbs. In late spring the grass in this vegetation becomes fully developed. 

Locally, Salix repens penetrates the grass cover from the hedges. A high, thick 
growth of grass is sometimes found between the low shrubs. 
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Botanical description of the vegetation 

The vegetation of the terrain in which the investigation was carried out 
comprises a complex of communities belonging primarily to the Koelerion albes- 
centis, but also in part to the Corynephorion canescentis. 

The characteristic species and the species occurring frequently among the Koele¬ 
rion are: Lotus cornktdatus var, dliatus, Taraxacum ruhlcundum, Ranunculus 
bulbosus, Ononis repens var. mitis, Erigeron acer, Arenaria serpyllijoliaj Erodium 
glutinosum, Phleum arenarium, Thymus pulegioides, Plantago lanceolata var. 
sphaerostachya. 

In addition there are few species from the Bromium erecti: Potentilla taber- 
naemontani and HeUctotrichon pubescens. 

The species from the Corynephorion are: Corynephorus canescens, Aka praecox, 
Poly trie hum juniperum, Festuca ovina, Poly gala vulgaris ^ and Poa pratensis var. 
humilis, 

A few different species are: Galium verum var. maritimum, Carex arenaria, 
and Leontodon nudicaulis. 

In this complex, eight communities and vegetations are to be distinguished. 
They are to a great extent determined by the stand. 

(1) Tortuleto-Phleetum arenarii, an open vegetation on the south slope with 
an incomplete moss layer of Tortula ruraliformis and Phleum arenarium, Erodium 
glutinosum, E. cicutarium, Myosotis hispida, and Veronica arvensis. Two transitions 
of this community are found: 

(a) A transition to Taraxaco-Galietum, consisting of a vegetation with a half 
closed to entirely closed moss layer of Hypnum cupressiforme, in which 
Galium verum predominates, and 

(b) A transition to Violeto-Corynephoretum dunense, in which tussocks of Co¬ 
rynephorus canescens occur. 

(2) Taraxaco-Galietum, a vegetation with a closed moss layer of Hypnum 
cupressiforme with Galium verum var. maritimum, Thymus pulegioides, Poa pra¬ 
tensis var. humilis, Lotus corniculatus var. ciliatus, Carex arenaria, and Festuca 
rubra subvar. arenaria. The herbs form a low, dense and closed layer. This 
vegetation occurs on the slightly higher parts of the terrain. 

(3) Festuceto-Galietum maritimi. Of these a poor form occurs with Festuca 
ovina in tussocks and rosette plants of Leontodon nudicaulis, Hieracium pilosella, 
and a moss layer of Hypnum cupressiforme and Cladonia species. This vegetation 
covers a large flat part of the southernmost part of the terrain. 

(4) An incompletely developed Violeto-Corynephoretum dunense, without 
Viola canina and with few Cladonia species. This vegetation is found in only a 
few places. 

(5) A vegetation of Sedum acre and Plantago coronopus. This is found along 
paths and around depressions. It probably develops where calcareous sand has 
worked its way to the surface. 

(6) A vegetation of Festuca rubra subvar. arenaria and Carex arenaria, a form 
with Calamagrostis epigejos; in this vegetation Calamagrostis can dominate so 
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Strongly locally that facies-formation occurs. This vegetation occurs only locally 
and spreads from the borders of the terrain. 

(7) A vegetation of Sleglmgta decumbens and Gentiana campestris baltica. 
This form of vegetation is found at the transition from the higher parts to the 
lower. Grasses such as Sieglingia decutnbens, Anthoxanthum odoratiim, and Holcus 
lanatus predominate here, forming a grassy cover on rather moist ground. 

(8) A vegetation with Lythrum salicaria and Lysiniachla vulgaris. This vege¬ 
tation grows on the moist soil, rich in humus, of the lowest parts of the terrain. 
It often forms a growth rich in herbs with such species as Achillea millefolium, 
Potentilla erect a, Hydrocotyle vulgaris, Potentilla anserina, Holcus lanatus, Sieg¬ 
lingia decumbens, Anthoxanthum odoratum, Plantago lattceolatutn var. sphae- 
rostachya, and Carex flacca. 


Vegetational types and structural changes 

A list of the plant-communities and vegetations found in the landward dunes 
will give plant ecologists and biocenologists a clear impression of the nature of 
the overgrowth, but as a description of the habitat of the grasshopper it is not 
adequate. Even the samples of the various vegetations would fail to provide a real 
insight into the habitat and the changes taking place in it. A more detailed de¬ 
scription of the structure is required. This point is often neglected by animal 
ecologists. Several botanists have offered a type of structural description which has 
very attractive aspects for the field ecologist. Dansereau (1951) made use of 
symbols expressing many characteristic peculiarities of the plants in a vegetation. 
The structure of the vegetation is thus symbolized by a diagram which, however, 
fails to reflect the natural situation. Each symbol reflects the relative space occupied 
by a plant type in the community. It serves both for individuals of one species 
and for individuals of various species. Such a diagram, however, always requires 
an accompanying description. 

Although the value of this method was not underestimated for the present 
study (it would, for instance, be extremely serviceable for comparisons of vege¬ 
tations at different geographical latitudes), it was considered to offer too few 
possibilities in a physiognomically simple vegetation such as the growth on the 
landward dunes. The use of symbols as proposed by Dansereau provides an 
over-generalized picture and also fails to reflect periodicity. 

For the present study, in characterizing the vegetation of the field a detailed 
description is first given of the various types of growth to be distinguished in it. 
This is illustrated by a number of drawings of these types (fig. 1). These drawings, 
however, refer exclusively to the natural situation in the month of June. 

A structural description requires in the first instance the distinguishing of as 
many vegetational layers as possible and the indication of the cover in per cent. 
In consultation with E. van der Maarel who made a study of the structural 
description from the botanical point of view, the following surface vegetation 
layers were tentatively distinguished: the moss layer, the rosette layer, the carpet¬ 
ting layer, the high herb layer and the low shrub layer. 
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These layers may be briefly described first as follows. 

(1) The moss layer. The mosses often cover a large part of the soil; in denser 
vegetations they remain more in the background. 

(2) The rosette layer. Under this term is understood the layer of herbs that 
form rosettes in the moss layer and barely project above it, such as Hieracium 
ptloselld, Taraxacum spec., Hypochaeris radicata, Leontodon nudicaulis and typical 
low-growing creepers such as: Potentilla tahernaemontani and Ranunculus repens. 
Only the flower stalks of these species project above this layer. 

(3) The carpetting layer. A large number of herbs show a strong horizontal 
spread and form a low cover above a highly developed moss layer. These species 
are: Lotus cormculatus var. ciliatus, Galium verum var. marithnum, Poly gala vul¬ 
garis, Ononis repens var. mitis, Cerastium holosteoides, Cerastium arvense, Vero¬ 
nica arvensis, and a few creeping species such as: Thymus pulegioides and Sedum 
acre. Between these herbs a few of the low grasses such as Agrostis stolonifera 
and Bromus mollis var. nanus occur, 

(4) The high herb layer. This layer is formed by the more vertical plants, the 
grasses in particular dominating. The layer includes: Fesfuca rubra subvar. arenaria, 
Festuca ovina, Corynephorus canescens, Sieglingia decumhens, Calamagrostis 
epigejos, Carex arenaria, Heliciotrichon pubescens, Poa pratensis var. humilis, 
Anthoxanthum odoratum, Luzida campestris, Holcus lanatus, Carex flacca, Achillea 
millefolium, and Erigeron acer. This layer occurs in various forms. A number of 
grasses such as Festuca ovina and Corynephorus canescens grow in tussocks, which 
creates a characteristic structure. Other grasses and Carex arenaria influence the 
structure of the vegetation by their dominancy. In addition, differences in the 
density of this layer are caused by variations in the amount of horizontal spread 
of the species present. 

(5) The low shrub layer. This layer is formed by Salix repens, small shrubs 
40 to 80 cm in height. Locally, and in the summer barely projecting above the 
high herb layer, Rosa pimpinellifolia (25 — 40 cm) occurs. 

On the basis of typical differences in the share taken by these layers in the 
vegetation, I have distinguished seven structural types. Type I through type VI 
are grass vegetations, type VII comprises the Salix repens shrub that spreads into 
the terrain from its borders and between which a dense grass cover is sometimes 
present. Type VII was not sampled systematically. 

Type I. The vegetations belonging to this structural type are open and low 
(Plate 3). The moss layer covers the soil only partially (coverage 0—10%); 
Hieracium pilosella very locally, sometimes forms facies. The herbs appear only 
to a small extent, and the sparsely distributed grasses and herbs in the high herb 
layer cover the soil to a very limited degree. Festuca rubra subvar. arenaria and 
Carex arenaria dominate in this layer. Locally, tussocks of Corynephorus canescens 
occur on an otherwise very scantily covered soil. 

In the course of the year, the aspect of the vegetation changes appreciably. The 
period of the greatest vegetative expansion falls in the winter and the early spring. 
The moss cover is then saturated with moisture and as a result shows a fresh green 
colour. The superficial sandy soil is moist and firm. A number of annual herbs 
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occur in the moss layer (winter annuals), such as Erophtla verna, Saxifraga tridac^ 
tylitis, Aira praecox, Phlettm arenarhim, and Vida lathyroides. The perennial 
species are still small and of a yellowish-green colour. The green grass cover is 
5—10 cm high. Scattered over the soil are dead leaves of grass and flower stalks. 

Later in the spring, in April and May, the winter annuals flower and fructify. 
They are not numerous and most of them barely project above the moss layer. 
In this period the remaining herbs develop. 

In the early summer the bare sandy soil becomes dry and develops a crust, or 
where it is walked over, is very loose. The moss cover also becomes very dry, 
changes to a yellowish-green colour and shows splitting. Of the winter annuals 
only dried remnants can be found. Some of the other species come to the fore. 
Rosette plants develop and creeping plants spread horizontally over the moss cover. 
In the summer during flowering, some of these plants add colour to the vegetation. 
The grasses and the sand sedges flower and fructify with stalks as high as about 
20 cm. Their vegetative part does not grow higher than 10 cm. A few plants such 
as Senedo jacobaea shoot up very high during the flowering period. 

In late summer and in the autumn, more and more dead leaves and stalks appear 
and are pressed down on the moss cover by the wind. The mosses become greener 
again and the winter aspect gradually asserts itself. The vegetations described here 
occur on the southern slopes and belong to transitions from the Tortuleto-Phleetum 
arenarii to the Taraxaco-Galietum maritimi and the Corynephoretum dunense. 
They also occur, distributed over the field, in places where the vegetation was 
damaged before and during the Second World War, having originally belonged 
to the Taraxaco-Galietum maritimi. 

Type II (Plate 3). The vegetations of this type have a well-developed moss 
cover (coverage: 60—100%). The soil is entirely covered by the mosses and herbs 
so that the sandy surface is not visible. In the rosette layer many rosettes of Hiera- 
dum pilosella are found, a species which is often extensively represented in this 
type and even forms facies, in which case its coverage is 50—100%. The carpet¬ 
ting layer is better developed than in type I, especially Galhim veruni var. mari- 
tinium and Thymus pulegioides predominating. The grasses Festuca rubra subvar. 
arenaria, Agrostis tenuis, and the sedge Carex arenaria form a thin layer to a 
height of about 10 cm. 

The appearance of type II changes less in the course of the year than that of 
type I. The moss layer is saturated with moisture in the winter and early spring. 
Winter annuals are far less frequent. In the early summer the mosses become dry 
but continue to form an unbroken layer. Locally, the activity of ants brings some 
sand to the surface. The remaining species in the carpetting layer develop and 
flower. They cover only a small part of the surface, however (—50%). The 
high herb layer becomes higher during flowering because of the flower stalks 
(20 cm). In the autumn many dead leaves and stalks are seen on the moss layer. 
These vegetations occur on the highest parts of the terrain and may be assigned 
to transitions from the Tortuleto-Phleetum maritimi to the Taraxaco-Galietum 
maritimi. 

Type III. The vegetations belonging to type III correspond closely to the over¬ 
growth described for type II. Instead of free-standing grasses in the high herb 


366 


TiJDSCHRIFT VOOR EnTOMOLOGIE, DEEL 106, AFL. 8, 1963 


layer, tussock grasses are predominantly seen, which creates the typical structure 
of this type (Plate 4). 

The moss layer covers 30—50% of the surface; the rosette layer and the carpet¬ 
ting layer do not grow higher than 5 cm and cover 30—60% of the surface. 
In the high herb layer tussocks of Festuca ovina occur, covering 30—50% of the 
surface. In the period in which the grass flowers, a great number of flower stalks 
grow up above the vegetative part of the plants (10 cm), to a maximum height 
of 25 cm. 

These plants cover a large part of the terrain and belong to the Festuceto- 
Galietum maritimi. 

Type IV. In the moderately dense to dense low vegetation, the moss layer is 
well developed (coverage: 60—100%). A rosette layer is almost entirely absent: 
it blends into the carpetting layer which is dense but not higher than 5 cm. Both 
layers combined cover 60—100% of the surface. They include: Lotus corniculatus 
var. dliatus, Galium verum var. maritimum, Thymus pulegioides, Cerastium c.f. 
tetrandum, Plantago lanceolata var. sphaerostachya, Potentilla tabernae^nontani, 
Luzula campestris, and Achillea 7?dllefolium, The high herb layer constitutes a 
grass cover covering a maximum of 30% of the soil. The vegetative parts are 
10—15 cm high, the flower stalks growing up 20—30 cm. A few of the species 
in this group are Festuca rubra subvar. arenaria, Agrostis tenuis, Carex arenaria, 
Festuca ovina, Poa pratensis var. humilis, and Achillea millefolium. In various 
places along the borders of the terrain or near vegetations composed of a high, 
thick grass cover, the flower stalks of Calamagrostis epigejos rise up to a height 
of 40 cm in this type. 

The changes in the vegetation over the year are again less marked than for the 
previously described types. In the course of the summer the cover provided by a 
number of the most frequently occurring species in the carpetting layer is in¬ 
creased; the plants in the high herb layer begin to flower. The latter cause little 
change in the structure of the very dense carpetting layer. 

The vegetation of this type belongs to the Taraxaco-Galietum maritimi and 
occurs over a large surface on the higher parts of the terrain. 

Type V. The vegetation included in this type are distinguished by the higher 
proportion of grasses in the high herb layer. The structure of the higher layers is 
consequently much denser than in the corresponding layers of the other types. 

The moss layer is of little importance. Rhytidiadelphus squarosus predominates. 
There is no rosette layer, the rosette plants do not spread their leaves horizontally 
on the soil. The carpetting layer shows a transition to the high herb layer. 

Two different forms can be distinguished within this type. The first is a 
vegetation occurring on the transitional slopes between the highest to the lowest 
parts of the terrain. It consists of a moderately dense to very dense, gentian-rich 
grass cover, in which among others are present: Anthoxanthum odorattwi, Sieg- 
lingia decumbens, Festuca rubra subvar. arenaria, Holcus lanatus, Agrostis tenuis, 
and Gentiana campestris baltica. 

The vegetation covers 80—100% of the surface and its vegetative part is 
10—15 cm high; in the flowering period the many flowering stalks may reach a 
height of up to 25 cm. Locally, a vegetation is also found that is rich in Rosa 
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pimpiiiellijoUa, small shrubs 25 — 40 cm high; these roses, which bear numerous 
small leaves in summer, cover 80% of the surface and cast much shade on the 
underlying layers. The higher herb layer covers 20—100% of the soil. Many 
plants occur in this layer: Achillea millefolium, Cerastium tetrandum, Ltizula 
campestris, and a number of rosette plants such as Katiunculus bulbosus, Taraxa¬ 
cum spec., and Plantago lanceolata var. sphaerostachya. The grasses Helictotrichon 
piibescens, Festtica rubra subvar. arenaria, Agrostis tenuis, Calamagrostis epigejos, 
and Carex arenaria are numerous between the dune roses. 

In winter and spring this vegetation, excluding the dune roses, is 15 — 20 cm 
in height and consists of the vegetative parts of the herbs. In spring the grasses 
grow quickly, especially Helictotrichon pubescens. The weather conditions pre¬ 
vailing in this period are of great importance for the extent of this growth. Most 
of the herbs do not grow much higher than 20 cm, with the exception of a few 
flower stalks {Achillea millefolium). In the summer and autumn the dry stalks 
of many grasses, which have already finished flowering, fall to form a dead layer 
in the high herb layer. The dune roses shrubs are leafless in the winter, in the 
summer they come more to the fore in and above the high herb layer. It is striking, 
lastly, that in some parts of this vegetation the structure is less dense because of 
the large numbers of rosette plants that spread their leaves between the grasses. 

Type VI. Type VI includes the vegetation of the lowest parts of the terrain 
and its edges along the hedgerows. It comprises densely covering grass vegetation, 
rich in herbs in the parts with the most moisture (Plate 5). 

The moss layer is either absent or very fragmentary. The soil is covered with a 
layer of dead grass and flower stalks, sometimes as much as 10—15 cm thick. 
The carpetting layer on the wettest spots is 10 cm high and covers 60—100% 
of the surface. It includes: Achillea ttiillefoliutn, Ranunculus bulbosus, Taraxacum 
spec., Prunella vulgaris, Plantago lanceolata var. sphaerostachya, Galium uligino¬ 
sum, Potentilla anserina, Lotus corniculatus, Hydrocotyle vulgaris. 

Growing to a height of about 40 cm in the high herb layer are: Lythrum sali- 
caria, Lysimachia vulgaris, Pulicaria dysenterica, and Achillea millefolium. The 
grasses that frequently occur in this layer are: Holcus lanatus, Calamagrostis 
epigejos, Festuca rubra subvar. arenaria, Agrostis stolonifera, Sieglingia decumbens, 
Anthoxanthum odoratum, and the sedges Carex flacca and Carex arenaria. 

On higher spots in the terrain a high, dense grass cover is found locally in 
which Calamagrostis epigejos dominates. The non-grassy herbs are forced into the 
background. This vegetation shows strong growth in the summer and its flower 
stalks reach a height of a metre in some cases. The soil is covered with a 20 cm 
thick layer of dead plant material, only the surface of which dries out in summer. 

The appearance of this vegetation varies greatly, due especially to the grasses. 
At first the vegetative parts of the plants are not higher than 20 cm, but in the 
course of the summer some species show rapid growth to an appreciable height 
as a result of which the structure becomes very dense. In the autumn and winter 
most of the grasses collapse and their dead parts accumulate on the ground. 

Type VII. The dwarf shrubs, consisting of Salix repens and a moderately dense 
to dense grass cover, comprises this type of vegetation. The shrubs reach a height 
of 40—80 cm with a coverage of 60—100%, The grasses grow rapidly in early 
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Fig. 1. The vegetation types I—^VI 


typezi 







































Table 1, Data concerning the vegetation of the terrain. The amount of coverage and the height of the various layers in the seven types of 
vegetation in per cents and centimetres, respectively. 
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summer, causing a strong increase in the density of the vegetation among the 
shrubs. 

In addition to the developmental changes in the various layers of the vegetation 
in the course of the year, differences are observed from year to year in the ap¬ 
pearance of the vegetation. For instance, in May and June, 1955 the grasses showed 
a more luxuriant growth than in the same months in 1953, 1954, and 1956. This 
vigorous growth was probably induced by heavy rains, in particular in May, 1955. 
Although the grasses had developed more fully throughout the terrain in which 
the investigation was carried out, the structural differences were strongest in the 
vegetations belonging to types V and VI, which occur in the driest areas. As a 
consequence, in 1955 the structure of these vegetations was high and dense at an 
earlier date than in other years, and in addition the grass cover spread towards the 
less dense vegetation. It is self-evident that observations of such vegetational 
changes from year to year are very important to the estimation of the distribution 
of the grasshoppers. 

Changes in the vegetation were also established in succeeding years. In addition 
to a marked spreading of the shrub, Calamagrostis epigejos was observed to show 
local predomination. 

The increase in shrub components on the landward dunes accompanies a loss of 
characteristic peculiarities of the landscape. 

The data concerning the description of the vegetation are arranged in Table 1, 
in order to give a general impression. An illustration of the various types is given 
in fig. 1, the drawings representing the situation in the month of June. 

The choice and distribution of the quadrats 

The choice of the quadrats in the early summer of 1953 was based on the dif¬ 
ferences in the structure of the vegetation. Fifty quadrats measuring three sq.m 
were selected, and the grasshopper populations were investigated in 1953, 1954, 
and 1955. In 1955, another group of quadrats was laid out for more detailed 
investigation of certain activities of the grasshoppers. For each of the types of 
vegetation, the quadrats were chosen in the most densely populated locations. 
In 1954, 55 additional quadrats measuring one sq.m were sampled for the in¬ 
vestigation of the hatching sites. Table 2 gives the number of three sq.m quadrats 
systematically sampled from 1953 through 1955 in each type of vegetation. 


Table 2. Number of quadrats sampled from 1953—1955. 


Type 

I 

II 

III 

IV 

V 

VI 


1953—1954 

7 

3 

8 

9 

8 

11 

quadrats 

1955 

7 

1 

0 

6 

3 

6 

quadrats 


Two of the group of 50 quadrats were found to be transitions between two 
types and two other quadrats were later found to lie in an area very frequently 
visited by people. These four quadrats were excluded from the investigation. 
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The microclimate 

The microclimatological conditions are important not only for the rate of 
development of the insects and their condition in the various stages, but also for 
all the activities of the insects. In the places where grasshoppers occur, attention 
must be given to such factors as temperature and moistness of the immediate 
surroundings in addition to the factors of the macroclimate. Lack of suitable in¬ 
struments and the impossibility of obtaining them in time for the investigation, 
and the fact that the taking of the samples proved to require all the available 
working time, prevented serious investigation of the microclimate. However, 
starting in 1956, at Weevers’ Duin Biological Station in Oostvoorne, Dr. Ph. 
Stoutjesdijk carried out microclimatological measurements for biological pur¬ 
poses in many types of vegetation found in the dunes of Voorne (Stoutjesdijk, 
1961), including the terrain used in the present study. Using these data and others 
from the microclimatological literature (Brunt, 1945, Geiger, 1950, Sutton, 
1953), a general discussion can be given concerning the course of the microclimate 
in the various types of vegetation, as distinguished by me, in the periods of the 
year that are of importance for the grasshoppers. An attempt is also made to 
roughly characterize the ecological factors of the environment. 

In general it may be stated that the various microclimatological factors manifest 
themselves quite differently above a soil surface covered with vegetation than 
above a surface with no plant cover. Even a very sparse growth introduces changes 
that moderate the climate immediately above the soil. In this sense, for example, 
a surface with no plant cover may reach very high temperatures on warm, sunny 
days, while the same values are appreciably lower when some cover is present. 
This factor alone is sufficient to produce wide direct and indirect differences 
in the microclimate. 

The microclimate is formed by the influence of the climate as a whole, by the 
nature of the soil, exposure, and all kinds of particularities of the vegetation. 
The combinations of species and the height and density of the plants are of im¬ 
portance. The denser the vegetation, the cooler it is during the day near the ground. 
The solar radiation is taken up by the leaves and stalks of the grasses and other 
plants, creating deep shade in the layers below. The thick absorption layer (soil 
and vegetation) distributes the heat in such a way that high temperatures do not 
occur as they do immediately above a bare or sparsely covered soil. A thick grass 
cover with a layer of dead leaves contributes to the occurrence of low nocturnal 
temperatures within and above it, especially on clear, windless nights with high 
radiation. This cooling process is accentuated by the slightness of the horizontal 
air currents and the fact that little heat is radiated by the soil. 

In the terrain in which the study was carried out the microclimate is subject to 
great variation caused by differences in elevation as well as by the vegetation, 
which shows distinct structural differences from place to place. The grasshoppers 
which live in this vegetation must therefore make a choice during the season and 
in the course of a single day throughout their development. The following material 
contains some considerations concerning the microclimate in the various types of 
vegetation distinguished in this study. 
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Type I. The vegetations included in type I are very thin in structure; above an 
incompletely developed moss cover there is a very scanty grass cover. The micro¬ 
climate in this extremely open vegetation often shows extreme variations. On 
sunny days, a large part of the solar radiation is absorbed by the surface of the 
soil. Under favourable conditions high surface temperatures can develop, which 
lie 20—30° C above the air temperature at a height of two metres (Stoutjesdijk, 
1959, 1961). In addition, as a consequence of the limited flow of moisture from 
this type of vegetation, the relative humidity of the air is low. 

One cm above the ground the temperature is appreciably lower. Stoutjesdijk 
states that the air temperature one cm above the soil is even much lower than the 
soil temperature at a depth of two cm. It was also found that directly above the 
surface there is very wide fluctuation in temperature. In addition, after sunset the 
temperatures of the surface layers of the soil drop sharply; the sand can become 
very cold, especially on very clear, windless nights. It is in just this layer with 
wide temperature variations that the grasshoppers occur. 

In general, the nocturnal temperature of the air layers immediately above the 
soil and of the soil itself remains a few degrees higher than the temperature at a 
height of two metres, which points to heat radiation by the soil. The same picture 
holds in general for the spring season, although the absolute values lie lower than 
in the middle of the summer. 

Type II. The vegetations of type II differ from type I in the development of 
the moss layer. The entire soil surface is covered with a well-developed moss cover. 
The microclimate in this type shows strong agreement with that in type I, but in 
this case the moss layer, which dries rapidly, absorbs most of the radiation and 
therefore reaches high temperatures. The soil temperature under the moss is ap¬ 
preciably lower. 

Type III. The vegetations of type III are characterized by tussocks of grasses 
between which a more or less closed moss cover occurs. The microclimate above 
the moss cover is comparable to that of type II, although the values may lie some¬ 
what higher because the cooling effect of the wind is greatly reduced by the grass 
tussocks. In the tussocks themselves the highest temperatures are found just under 
the tops of the plants, because the solar radiation is taken up by the leaves and 
flower stalks of the grasses. The temperature will be only a few degrees higher 
than the air temperature just above the plants. The tussocks also cast shade on the 
moss cover, especially when the sun is lower in the sky. In this type of vegetation, 
consequently, opposite extremes may occur quite close together, i.e., maximum 
temperatures may occur as high as those occurring on the surface in type II, but 
the average temperatures lie lower. 

Type IV. The vegetations of this type are open forms, rich in grass and other 
plants, in which rosette plants occur frequently in the approximately five cm thick 
carpetting layer. Due especially to the presence of the rosette plants, the solar 
radiation can penetrate deep into the vegetation locally. Since the grasses and herbs 
decrease the drying effect of the wind above the moss cover, high temperatures 
occur in some spots. The local humidity of the air is high as a result of the high 
transpiration of the plant cover and evaporation from the soil, which has a 
relatively high humus content. Shady spots occur beside many plants, with the 
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result that in this vegetation too, mild conditions are found next to heat. 

Type V. The vegetations of type V are rich in grasses and herbs, with low, 
closed growth. Solar radiation penetrates the vegetation less deeply. The highest 
temperatures, which are not very high because of the strong transpiration of the 
many leaves, are found above the soil between the tips of the leaves. Deeper in 
the vegetation the temperature is lower, and a relatively large amount of shade is 
created by the layer of leaves above. Later in the year there is more shade because 
the sun is lower in the sky; the temperatures in the vegetation are lower than in 
July, even during the warmest part of the day. 

In the early morning, dew often forms in this vegetation, because the moist air 
between the higher grass exposed to the cooling effect of the radiation does not 
receive sufficient heat from the lower layers. This phenomenon is not seen in the 
more open growths of types I, II, and III until later in the season. 

Type VI. Type VI includes the high, dense grass vegetation found especially in 
the lower areas of the terrain. A number of remarkable observations have been 
made by Stoutjesdijk (1961) in this type of vegetation on the same terrain. In 
a closed, high stand of Calamagrostis epigejos varying between 45 and 75 cm in 
height, the highest temperatures were recorded at the level of the lowest of the 
leaf tips. Most of the solar radiation is absorbed there and converted into heat and 
evaporation energy. On 10 July, 1959, with an air temperature of 22° C a tem¬ 
perature of 24° C was measured between the tops of the leaves; the temperatures 
in this vegetation are therefore not very high. The soil is much cooler and receives 
heat from the top layer. On the afternoon of the same day (reduction in the rad¬ 
iation intensity and more shade in the vegetation), the temperature gradient was 
still slight and the fluctuations in temperature were also small. During the clear 
evening which followed, however, the lowest temperature was found at the level 
of the lowest tops (reading at 9:10 p.m.). Both above and below this level the 
temperature was several degrees higher. The wind velocities in this dense vege¬ 
tation are very low. 

In less uniform vegetation of this type, consisting of tussocks of Calamagrostis 
epigejos between which layers of flattened grass or low herbs occur, the tem¬ 
perature profile is very different between the tussocks. The highest temperature is 
measured a few millimetres above the surface of the dead leaves. On 11 July, 
1959, at 12:00 noon the average local temperature was about 23° C higher than 
at a height of one and a half metres. The fluctuations in temperature are very 
large: Stoutjesdijk: observed temperature extremes at a height of three mm, 
ranging over a 15° C difference during an observation period of about one minute. 
The fluctuations remain large at even greater heights between the tussocks. 

On still, clear nights the vegetation takes heat from the air, causing a drop in 
temperature of about 30° C at a height of 3 mm, while at a height of one and 
a half metres the temperature drops only a few degrees. The formation of dew 
draws a great deal of moisture from the air, and this withdrawal of heat together 
with moisture during the entire night causes very low temperatures and vapour 
pressure to develop. On 12 June, 1959, at 4:07 a.m. a temperature of — 7° C 
was measured at the soil surface as a result of very favourable conditions: the dry, 
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rather cold air on a clear, still night; the inability of the cold air to escape from 
the low spots in the terrain; and, perhaps the most important factor, the unusual 
heat economy of the soil which is covered with an insulating layer of dead grass. 

This situation occurs in many of the spots where quadrats were chosen for 
sampling. In May, low temperatures are still recorded in the vegetation, and it is 
self-evident that such microclimatological conditions have very definite consequen¬ 
ces for the grasshoppers. 


THE GRASSHOPPERS 

The grasshoppers in the dunes of Voorne and the choice of the 

WORKING TERRAIN 

Investigation of the Acrididae in the dunes of Voorne showed that eight species 
occur. These species are: MyrmeleotetUx maculatus (Thunb.), Chorthippus bigut- 
tulus (L.), C, hnmnetis (Thunb.), C. mollis (Charp.), C. albomarginatus (de 
Geer), C. parallelus Zett., Omocestus viridulus (L.), and Oedipoda coerulescens 

(L-)- 

An understanding of the distribution of these species indicates why a given area 
with a given number of species was the obvious choice as working terrain for this 
investigation. The density of the population and the variegation of its composition 
are factors affecting this choice. The density and variegation depend to a large 
extent on the vegetation. In this connection it has been found (van der Maarel, 
I960) that the amount of shrubs in its various developmental phases, with its 
heavy to medium heavy growth, excludes a grasshopper population in many places. 
The small grassy areas occurring here and there between the shrubs are too small 
to permit more than a limited grasshopper density. Open spots, thinly covered 
dune slopes, and the verges of the many foot-paths are also lightly populated. 
The most suitable environment is offered by terrains with a grass cover, such as 
are found in the landward dunes. 

The inventory made in 1953 supplied the following data. 

(1) Myrmeleotettix maculatus occurs in varying densities throughout the dune 
region. In the small open spaces between the Hippophae-shnibs and along the 
paths, the numbers are small. On the coastal ridge, a few specimens are found 
here and there; the local climate, being extreme, apparently prevents a population 
increase. The landward dunes, with extensive grassy surfaces, show the highest 
density. In the direction of the polder, M. maculatus is rarely found because of the 
increasing amount of woodland and farms. 

(2) Chorthippus biguttulus occurs only locally, especially in the old dunes, in 
the low, thick grass cover of the driest areas and in low Salix repens and Hip- 
pophae shrubs or near them. 

(3) Chorthippus bruyjneus is distributed over the entire dune region, but in 
limited numbers. It prefers dry, sunny places such as those along the paths in the 
dunes. This species is frequently seen in the grass verges of the roads in the land¬ 
ward dunes and in ruderal places. If only this grasshopper is present it is 
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found in only a few spots. Frequently, C. hrmineus and C. bigtittidus are present 
simultaneously. Perdeck’s experience (1957) concerning the choice of habitat 
by these species agrees completely with mine. C, blgtitiulns prefers denser and 
often somewhat more humid vegetations than C. brnnnetiS. 

(4) Chorthippiis mollis is found in the dune region locally; this species lives 
in the dry, dense vegetations in which a low Hlppophae-shmh, Salix repens and 
Ltgustrum vnlgare form an element. C. fnollis is often found as sole species in the 
dunes of Oostvoorne. Here and there this species lives, like C. brunneus, together 
with C. biguttuUis (but in limited numbers). 

(5) Chorthippns albomarglnatus lives in the dense, often high grass cover of 
the dune meadows in the relatively damp parts of the dunes. It apparently prefers 
the old parts of the dunes over the younger ones. It increases in number in the 
direction of the polder, and is often seen in the polder itself. 

(6) Chorthippus parallelus is found in large numbers in only one place, namely 
in a meadow in the woods called the Mildenburg, in the municipality of Oost¬ 
voorne. Outside the dunes this species is found on the ramparts of Brielle. Up to 
the present it has not been observed between the two places. 

(7) Omocestus vhidtdus was observed only once (in 1954) in an Agropyretum- 
vegetation on the Kruininger Gors along the Brielse Maas river. 

(8) Oedlpoda coerulescens is seen in the dunes only in small numbers; it 
prefers warm, dry places. 

It is apparent that, in connection with the vegetational factors discussed in the 
preceding chapter, the density of the grasshopper population in the dune region 
proper is limited. The grassy landward dunes on the border between Oostvoorne 
and Rockanje, however, show larger concentrations, particularly of M. maculatus, 
C. biguttulus, and C, albomarglnatus. These landward dunes were chosen for the 
working terrain, a choice which offered many advantages. In the main, the three 
species are the only ones occurring there, and the nymph stages of these species 
(with the exception of the first instar) are easily distinguished from each other. 
In addition, the vegetation of this terrain is extremely suitable for quantitative 
sampling. Its location is also very favourable, particularly with respect to the 
Weevers’ Duin Biological Station. 

In very small numbers, three other species occur: C brunneus, C. mollis, and 
O, coerulescens. C. brunneus was observed on only a few occasions and during the 
three-year study C. mollis was seen only once (1954), in a part of the landward 
dunes lying outside the working terrain. O. coerulescens occurs only on thin 
vegetation; it is easily distinguished so that confusion with the other species is 
excluded. The instars of C. brunneus and C. bigutudus are difficult to distinguish 
from each other in the field. Because the latter occurs on this field in such small 
numbers, the doubtful cases were very limited in number and did not affect the 
quantitative investigation. 

In 1953 two grasshoppers were heard and seen whose song deviated from that 
of C. biguttulus. Perdeck investigated one of these and identified it as a hybrid 
{C. biguttulus X C. brunneus^. The song contained elements of that of C. brun^ 
neus. 
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The identification of the instars 

At the beginning of the investigation, only a guess could be made as to which 
species of grasshoppers inhabited the chosen terrain. In order to become familiar 
with the immature stages of these species as rapidly as possible, nymphs were 
collected in the field directly after hatching and raised in the laboratory to adult¬ 
hood. Experience has shown that observation of the insects during rearing is 
absolutely necessary for recognition in the field. Descriptions in literature can 
convey only an impression. The appearance in 1954 of Richards & Waloff’s 
publication provided an opportunity to check my experience against their table 
for the identification of the various instars and their determination table for the 
nymphs of a large number of species, including AL maculates and C. albomar- 
ginatus. My experience is in agreement with the characteristics established by these 
authors for both species. 

However, for the recognition of the individual instars, their material gave little 
support for my work. Measurements and counts of the insects in the field cannot 
be made if it is necessary to release the nymphs directly after ward. The nymphs 
in the field were not distinguished as to sex, since in the first instar this requires 
too close an examination during which it is almost impossible to avoid damaging 
the insects and consequently causing an unnecessary increase in mortality. 

The rearing of nymphs is not easy. It often involves high mortality, which 
requires beginning with large numbers. The collection of the first instar in the 
field must consistently be done with the greatest care, especially because of their 
fragility. Catching them with the hand or sweeping net damages them so badly 
that only a few survive. They can best be caught in a glass tube. The tube is placed 
over the nymph, which usually jumps up into the tube. The insect can then be 
transferred to a glass bottle, the bottle being filled with dead grass to prevent the 
insect from killing itself by jumping against the glass. Direct sunlight must be 
avoided, because of the fatal effects of too much heat and moisture. When such 
precautions are taken, laboratory culture is much more successful: the mortality 
drops to about ten per cent. 

For rearing the nymphs are transferred to a glass cylinder, ten cm long and 
two cm in diameter, open at both ends. One end is covered with gau 2 e and the 
other plugged with a cork. Fresh grass must be fed daily. Before the last instar 
moults, the insects must be transferred to a larger tube with a diameter of four 
cm, containing a twig. Rearing experiments done by Miss A. S. C. Schijfsma in 
Leiden showed that the last mould is more successful if the insect can inflate its 
wings while hanging from a twig. This behaviour is often observed in the field 
as well. 

All the tubes were held in a large glass container, with a relative humidity of 
about 75%, and about the same air temperature as the laboratory. The widely 
varying surface temperatures measured in very thin vegetation do not usually occur 
in laboratory rearing, and as a consequence the development of the nymphs is 
retarded as compared to that in the field. Because these observations were required 
before work in the field could begin, in 1953, field sampling could not be started 
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before the season was half over, causing us to miss the period from hatching to 
the occurrence of the youngest nymphs. 

Thorough observation of the various cultured instars yielded several characteris¬ 
tics that were very useful for recognition of the insects in the field. The first and 
second instars are easily distinguished from those of the third and fourth instars: 
the latter instars show a distinct beginning of the development of the wings, which 
during the fourth instar extend past the second tergite of the abdomen. The first 
and second instars are more difficult to distinguish from each other. The first 
instar of the three species is generally smaller than the second instar. In addition, 
the pronotum is shorter than the head in the first instar and about as long as the 
head in the second. The second instar shows a broadening of the posterior edges 
of the mesonotum and metanotum, and this characteristic can be easily observed. 

In distinguishing the corresponding instars of the three species, consistent use 
was made of the general shape of the antennae, the darker lateral borders on the 
back part of the abdomen (linea lateralis) and the little lines on the edges of the 
dorsal side of the pronotum (carina lateralis) (Clark, 1943). 

M. maculatus is the easiest to distinguish from the two Chorthippus species 
because from the first instar on, this species has easily recognizable antennal clubs. 
In addition, the linea lateralis does not form an unbroken line but per segment 
forms an angle with respect to the dorsal abdominal line. 

Chorthippus species do not have clubbed antennae. In the first instar of C. bi- 
guttulus, the linea lateralis is broken by a per segment shift. This also appears 
in the first instar of C. brunneus, but in the same nymphs of C. al bo marginal us 
these stripes run almost continuously from front to back. The second, third, and 
fourth instars of C. biguttulus are distinguished from the same instars of C. albo- 
marginatus by the fact that the carina lateralis of the pronotum of the former is 
not straight, but bent inward. 

The number of instars 

For Al. maculatus, C. biguttulus, and C. albomarginatus four instars and the 
adult are distinguished in the field. Uvarov (1928) reports that the most of the 
species of Acrididae have five instars, while Bei-Bienko (quoted by Uvarov, 
1928) has observed four instars in various grasshoppers occurring in Siberia. 

Richards & Waloff (1954) distinguish four instars in the field. Beier (1956) 
states that the nymphs go through five or six moults; here the moulting of the 
’’vermiform” larvae is probably included. When higher mean temperatures occur 
during development, one moulting can be omitted, and female nymphs often have 
one more moult than the males (Beier, 1956). 

During rearing of the nymphs from the egg to the adult stage in the laboratory, 
more than four instars were found in a few C. biguttulus. Two of these insects 
moulted, after passing through the first instar, to small grasshoppers whose 
characteristics, as used in field-identification, were not distinguishable from the 
first stage. Another nymph passed through the first instar twice and through the 
second instar twice during its development. The subsequent development of these 
insects agreed with that of the other nymphs of the same species. In establishing 
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the number of instars, the vermiform larval stage preceding the first instar was 
not included. 


The sampling technique 

In preparing the distribution study of the three species of grasshoppers, it was 
my intention to become familiar with the distribution of the individual immature 
stages and the adults in the various types of vegetation. The technique had to be 
adapted to the collection of the required insect material and be related to the 
behaviour of the insects. The older nymph instars and the adults move with great 
rapidity, particularly in sunny, dry weather, while the younger nymph instars show 
a tendency to remain concealed in the vegetation. 

Other attempts have been made, in various ways, to determine the size of a 
grasshopper population as representatively as possible, e.g., by the male song; by 
catching, marking and releasing the insects (Lincoln Index); by beating strips of 
vegetation and attempting to count and identify the escaping insects; and by repeat¬ 
ing a fixed number of passages with a net through the vegetation. All these 
techniques, however, provide a more or less inadequate picture. Often the nymphs 
are excluded from consideration. The technique of catching, marking and releasing 
is only suitable for adults because during moulting the nymphs lose their external 
markings. The beating of strips of vegetation is only applicable in identical types 
of vegetation and strips of appreciable size (Balogh, 1958). The yield is also 
highly dependent on weather conditions and the moistness of the vegetation. 

Taking into account the nature of the insects and the vulnerability of the 
nymphs, a technique was developed for this investigation that served quite satis¬ 
factorily under the given conditions, although it was somewhat laborious. The 
requirements set for this sampling technique are summarized in the following 
six points: 

(1) All adult insects and nymphs must be caught without injury and later 
released; 

(2) During sampling no immigration or emigration may take place in the 
quadrat; 

(3) The vegetation must be disturbed as little as possible during the sampling; 

(4) The apparatus used for sampling must be easy to manipulate; 

(5) The sampling must not require too much time; 

(6) Sampling must be feasible over long periods without loss of accuracy. 

These considerations led to the construction of the ’’box’', an apparatus con¬ 
sisting of four wooden frames, each 75 cm high and 175 cm long, on which gauze 
is stretched. The surface to be covered in this way is about three sq.m. 

The grasshoppers were caught in a glass tube, identified, and held away from 
sunlight. After all animals were caught, the insects were released within the 
sampled area. This technique consumed the most time during the spring, when 
the vegetation is populated with large numbers of nymphs. Under such conditions 
the sampling of the 50 quadrats sometimes took as much as three days. Later in 
the season they were worked in a day and a half. 
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The box is difficult for one person to operate alone. Collection of data was 
consistently done by two persons, one of whom found the insects while the other 
checked the sides of the box and recorded the data. Working together, the two 
could move the box to a new site quickly and easily. Since the terrain chosen for 
the investigation lies around the Biological Station, no difficulties were encountered 
with the transportation of the box. 

The box was placed over permanent quadrats. Inside it a small crate from which 
the grasshoppers could be hunted, was placed over the vegetation. By moving the 
crate the vegetation could be searched from various spots. Only the edges of the 
crate pressed against the vegetation, keeping damage at a minimum. The vegetation 
was searched thoroughly, which, especially in the thick grass cover, took a great 
deal of time. 

During the early summer when the field population was mainly nymphs, 
sampling was done every week when possible, the period later being lengthened 
to 14 days. The times of day and weather conditions suitable for sampling are 
important. This work cannot be done at all times and under all conditions. When 
the vegetation is wet (e.g., in the early hours of the morning in the dense grass 
vegetations and after rain) and the small nymphs are disturbed, they come into 
contact with the droplets of water; observations have shown that many of them 
do not survive this contact. All sampling was therefore done in quiet, dry weather 
in dry vegetation, usually between 11:00 p.m. and 5:00 a.m. When the wind 
increased in velocity during sampling, the box was anchored with guy*ropes. 

During the three years in which the study was carried out, 50 permanent quad¬ 
rats each measuring three square metres were sampled with the box, 17 times 
in 1953 and 1954, and four times in 1955. In addition, in 1955 another 23 
quadrats were chosen and sampled 17 times in order to increase the number of 
observations at specific places. 

In 1954, a small box measuring one sq.m and 20 cm in height was used to 
sample 55 quadrats in the period during which the first instar occurred in the 
field, in order to provide more information concerning their hatching sites. 

The systematic sampling of the quadrats was accompanied by a daily visit to the 
field for observations concerning the occurrence of the three species outside the 
quadrats. The collection of grasshoppers for laboratory examination was not done 
on the terrain of investigation, but elsewhere in the dry grasslands of the landward 
dunes. 


Periodicity and phenological data 

This chapter treats the periodicity associated with the grasshopper and, where 
possible, its relationship with a number of climatic factors. 

In winter, no active stages of the three species are seen in the field. Only the 
eggs survive the winter. During April and May, large numbers of the first instar 
appear. Within a month and a half the nymphs develop into adults, and the latter 
populate the field during the summer and part of the autumn. In this period, the 
eggs are laid. 

Although it was not always possible to determine the time of the appearance 
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and disappearance of each instar with equal exactness, the field observations give 
an adequate picture of the occurrence of these stages in the course of the year. 
The adults were recorded according to sex. 

A daily search for the first nymphs was made from 1 April on, in order to 
determine the commencement of the activities in the field. The date on which the 
first instar of M. 777aculatiu appeared could be determined exactly because this 
was the first species to be observed in the field. The first nymphs of the three 
species appeared in 1953—1955 in the last ten days of April and the first ten days 
of May (Table 3). 

Table 3. Occurrence of the first nymphs of M, maculatus, C. higuttulus, and C. albomargi- 
natus in the field in 1953 — 1955. 



1953 

1954 

1955 

M, maculatus 

23 April 

21 April 

23 April 

C. higuttulus 

5 May 

6 May 

29 April 

C. albomarginatus 

8 May 

6 May 

8 May 


Wide variations in the appearance of the nymphs do not occur in the successive 
years in spite of the differences in weather conditions in the periods preceding 
hatching. The monthly reports on general weather conditions issued by the 
K.N.M.I. (Royal Netherlands Meteorological Institute) at De Bilt give the fol¬ 
lowing data: in 1953, January and February were rather cold and clouded winter 
months; March and April followed with dry weather and a more or less normal 
temperature curve. In 1954, the first two months of the year were again cold, but 
March was warmer than normal and April sunny, dry but rather cold. In 1955, 
January, February, and March were cold, April was dry with normal temperatures; 
March and April were rather sunny. Two factors predominate in these reports: 
temperature and sunshine. 

According to Richards & Waloff (1954), the hatching of the eggs in the 
field depends upon the air temperature in the spring months. The average tem¬ 
perature of the month in which the first eggs hatch is ordinarily 10° C or higher 
(8.3° C in 1950). In the cold spring of 1951 the average temperature in April 
and May was 6.7° C and 9.4° C respectively. In that year in Silwood Park, Berk¬ 
shire (England) the first nymphs of five species (including M. maculatus) under 
study did not appear until the first weeks of June, six weeks later than in 1948 
and 1949 . 

No air temperatures are known for Voorne in 1953—1955. The nearest mete¬ 
orological station is in Hoek van Holland, which did not publish continuous ob¬ 
servations. Although the station in Vlissingen is far away from Voorne, the 
average temperatures recorded there do not vary greatly from those on Voorne 
(Stoutjesdijk, oral communication). In addition, the island lies in a climatologic¬ 
al area with mild summers and very mild winters, to which Vlissingen also 
belongs (Morzer Bruijns & Westhoff, 1951). 

If a comparison is made with the values measured in 1954 at the Vlissingen 
station, then the eggs of Al. 77iactilatus and C. bigiittulus hatch in the field at an 
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Table 4. The average air temperature in March and April, and the first ten days of May 
and the time at which the nymphs appeared. 



March 

April 

1 — 10 May 

1953 

00 

o 

n 

8 ,6° C 

Al. macidatus 

9,7° C 

C. biguttulus 

C. alhomarginatus 

1954 

6 ,1° C 

6,7° C 

Al, maculatus 

11 ,1° C 

C. biguttulus 

C. alhomarginatus 

1955 

2,5° C 

7,7° C 

Al. maculatus 

C. biguttulus 

11,5° C 

C. alhomarginatus 


average air temperature of 6.5° C and those of C. alhomarginatus at rt 10° C or 
higher (Table 4). 

After a very cold March in 1955, the average month’s temperature of April 
reached a normal value and the grasshoppers appeared on dates which do not 
differ greatly from those of the preceding years. Low air temperature apparently 
has no influence, in the direct sense, on the rate of the eggs’ development. The 
amount of sunshine and the amount of radiation heat dependent on it are more 
important because they determine the course of the temperatures in the surface 
layer of the soil. The radiation heat was not locally measured, but it may be as¬ 
sumed from the above-normal amount of sunshine in March, 1955 (46%, as 
against 33% and 24% in 1953 and 1954, respectively) that the eggs received so 
much heat that their development was not retarded in this cold month. 

The first instar nymphs are seen in the field during a period which is longer 
than the time required by the instar for its development. In 1955 this period was 
79 days for M. maculatus, 73 days for C. biguttulus, and 51 days for C. albo- 
margmatus. If the minimum developmental time of the first instar is considered 
to be ten days, then nymphs must have hatched from the eggs during periods of 
69, 63, and 41 days for the respective species. 


Table 5. The numbers of the first instar of M, tnaculatus observed in various types of 
vegetation on 8, 8, and 4 sq.m in 1954 (see also Table 11). 


Type 

I 

II and III 

IV 

21 .IV 

2 

0 

0 

23.IV 

10 

1 

0 

2 5.IV 

46 

0 

0 

27.IV 

109 

20 

0 

29 .IV 

148 

32 

0 

l.V 

326 

83 

6 

3.V 

102 

108 

15 

5.V 

150 

85 

9 


8 x1 sq.m 

8 x1 sq.m 

4x1 sq.m 
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Ill this connection the place where the egg is laid is unquestionably of im¬ 
portance. For its development, the egg requires a given amount of heat which can 
be expressed in ’’day degrees” (e.g., Allee et al., 1950). One ’’day degree” is 
realized if the average temperature during 1 day rises 1 degree above the develop¬ 
mental zero point. This quantity will be realized more slowly in places where the 
soil is covered than where the soil can profit maximally from solar radiation. For 
the investigation into the hatching sites (1954), the hatching of larvae of M. 
maculatus was observed from 21 April on (Table 5) in the very thin vegetations 
in which part of the soil was not covered with moss or herbs. In vegetation of 
types II and III, in which the moss cover extended over the entire surface, the 
hatching began between 25 and 27 April, while in type IV, a vegetation with a 
carpetting layer above the moss cover, the first newly-hatched larvae were seen 
about 1 May. 

Richards & Waloff (1954) report similar findings. They indicate still another 
factor influencing hatching time, namely the date on which the egg was laid. 
Observations in C. paralleUis and C. hrunneus point in this direction. 

Unfortunately, the results of the winter survival of egg pods collected by me on 
various dates are so unfavourable that no conclusions can be drawn from them. 

When large numbers of nymphs of all instars populate the field later in the 
early summer, a newly-hatched larva is rarely found. On 4 June, 1954, for instance, 
on 150 sq.m 27 first instar nymphs were found, and on 23 June only one; on 
22 June, 1955, on 69 sq.m 25 nymphs and on 11 July only three. This indicates 
that during the last twenty days on which first instar nymphs occur in the field, 
the numbers are very small, and thus that most of the nymphs have hatched in a 
period of a month after the appearance of the first. 

In 1953 and 1954, first instar nymphs of M. maculatus and C. biguttulus were 
again seen in the field later in the season, appearing about a month after the first 
group had disappeared. In 1955 a third instar nymph of M. maculatus was found 
on 6 September after the first group had disappeared by the end of July. For 
C. albomargmatus a newly-hatched larva was seen only once, on 4 August, 1953, 
half a month after the disappearance of this stage. Certainly these animals are of 
a second generation of that year. 

We were not succesful in raising a second generation within one season in the 
laboratory. Egg pods collected in the summer months and held at room temperature 
in damp sand did not hatch in the autumn or later. If they were collected from the 
field after the winter, for instance in February, they hatched in large numbers. 
Richards & Waloff (1954) report the same experience. Eggs of three species 
of grasshoppers studied by them continued to develop for a while after laying and 
then entered the diapause. Towards the end of November, if the eggs were brought 
into damp filter paper at a temperature of 25^ C larvae hatched after some time. 
Eggs of C. brunneus laid at the end of August and transferred immediately to a 
temperature of 25^ C failed to hatch. These authors were able, however, to raise 
generations of grasshoppers throughout the year by giving eggs a cold treatment 
in which temperature and duration of treatment were important. 

Many insects in diapause die without development or grow in an irregular man¬ 
ner when they are brought into temperatures which might be expected to promote 
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Table 6. The duration of development of the nymphal stages and the date on which the 
adults disappeared from the field, determined for M. maculatus, C. higuttulus, and 
C. alhomarginatus. 



Year 

Period 

Duration 

Last observed 


1953 

23.IV—30.V 

38 days 

27.x 

M. maculatus 

1954 

21.IV— 3.VI 

44 „ 

27.x 


1955 

23.IV—20.VI 

75 „ 

l.XI 

1 


1953 

5.V — l.VII 

58 „ 

l.XI 

C. higuttulus 

1954 

6.V —29.VI 

55 „ 

l.XI 


1955 

29.IV—1 l.VII 

74 „ 

l.XI 


1953 

8.V —20.VI 

42 „ 

16.x 

C. alhomarginatus 

1954 

6.V —14.VI 

40 „ 

15.x 


1955 

8.V — 5.VII 

59 „ 

20.x 


development (Lees, 1955). The diapause is apparently interrupted when the grass¬ 
hoppers are exposed to a low temperature for some time. In this connection it is 
not clear, in the absence of further investigation, how the occurrence of a second 
generation in the field in the summer is to be explained. 

The succession of the nymph stages occurs rapidly. The dates on which the first 
and the last nymphs of each stage are found in the field were not definitely 
determined, but since the date on which the first adults appear could be determined 
exactly, the total duration of the development of the nymphs can be calculated 
(Table 6). 


Table 7. The numbers of males and females found on various dates in 1954 on 150 sq.m. 



M. maculatus 

5 $ 

C. higuttulus 
$ 9 

C. alhomarginatus 
$ $ 

25.V 

0 

0 

0 

0 

0 

0 

4.VI 

28 

5 

0 

0 

0 

0 

14. VI 

66 

25 

0 

0 

4 

0 

23.VI 

98 

47 

0 

0 

7 

0 

29.VI 

107 

49 

1 

0 

18 

2 

9.VII 

111 

61 

0 

0 

54 

11 

20.VII 

116 

107 

1 

0 

97 

38 

29.VII 

93 

89 

3 

3 

48 

39 

6.VIII 

51 

75 

11 

4 

35 

31 

14.VIII 

30 

53 

10 

7 

26 

30 

28.VIII 

23 

41 

16 

16 

18 

24 

7.IX 

21 

34 

11 

23 

7 

15 

28.IX 

4 

5 

1 9 

9 

1 

3 

12.x 

3 

4 

1 ^ 

6 

1 

2 


The duration of development of the nymph stages of these three species was 
appreciably longer in 1955 than in the two preceding years. The month of May, 
1955, was cold and wet, June was on the cold side with a normal amount of sun- 
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shine. Apparently in May, 1955, the insects had too little opportuntiy to sun them¬ 
selves. 

As soon as the adults appeared in the field a distinction was made between the 
sexes. Table 7 gives the numbers of males and females found in the series 
sampling on 150 sq.m. 

The males of all three species were found in the field earlier than the females. 
Initially, the numbers of males were higher, but in the month of July for M, 
maculatus, and in August for the other two species, they were overtaken by the 
females. 

Thereafter, towards the end of the season, more females than males were found. 
The numerical variations and the moment at which the largest numbers were found 
show distinct differences. The males and the females appear in the field at some¬ 
what different periods, the nymph stage of the females apparently having a longer 
period of development than the males. It is unlikely that the eggs with male insects 
hatch earlier than the eggs with females. 

Richards & Waloff (1954) found for C. hrunneus nymphs a sex ratio of 
1 : 1, and a surplus of males among the adults. For C. parallels d^ndStenobothrus 
lineatus, however, they found more females among the nymphs and more males 
among the adults. Although their figures for M. maculatus are rather small 
compared with those for the other species, there appear to be more males in the 
first stage, equal numbers in the second, and a surplus of females in the other 
stages. 

Although I collected no data on the sex-ratio of the nymphs, it appears that 
if the sex is determined per sample for the adults, the ratio during the season is 
first in favour of the males, and later in favour of the females. C, biguttulus 
shows the most irregular fluctuations, probably as a result of the high activity of 
this species in the terrain under study and its preference for the borders and the 
low shrub which could not be included in the sampling. It is for this reason that 
the numbers on the sampled surface are consistently small. 

The adults remain in the field until late in the autumn. After September the 
numbers decrease rapidly and the insects disappear entirely towards the end of 
October and beginning of November when the effect of the night frost becomes 
noticeable throughout the field (Table 6). In 1953 and 1954, C albomarginatus 
disappeared half a month earlier than the other two species. In 1955, this species 
was not observed in the dense vegetation after 10 October and in the other 
vegetations after 20 October. Especially in vegetation of type IV, the microclimate 
in the autumn is appreciably less favourable for the grasshopper, which requires 
warmth, than in the less dense growth because in the former on clear nights the 
night temperatures fall below zero very early in the season. 

The numbers of grasshoppers 

The sampling of a large number of quadrats at various times during the season 
provided information concerning the numbers of insects present in the quadrats. 
It was not intended to use these figures for population studies and for drawing 
conclusions about such factors as the birth-rate and mortality of the total population 
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in the area under study. Inventories made at regular intervals were intended to 
provide information about the composition and the numbers of the grasshopper 
population in a given type of vegetation. 

The collected data formed a picture of the following points: 

(a) the numbers of insects observed in this terrain in the three years of the 
investigation; 

(b) the way in which the numbers of the nymphs and adults vary in the course 
of the season; this point is of particular importance for evaluating whether or not 
the field sampling was adequate; 

(c) the composition of the population at various times in the season. 

In 1953, 1954, and 1955, from the beginning of the hatching of the nymphs 

in the field until the disappearance of the insects at the end of October, samples 

were taken 17 times on suitable days. In the respective years, 150, 150, and 69 

sq.m of the field were inventoried. Tables 8, 9, and 10 give, for each date of 

sampling, the numbers of nymphs of the various stages and of the adults for these 
three years. 

The highest density of the three species was observed early in the season, namely 
at the end of May or beginning of June, the period in which nymphs are mainly 
seen. Ai. maculatus was the most numerous species. At the time of peak density, 
on quadrats of types I—V in which this species was found predominantly, we 
found 12.3 insects per sq.m sampled in 1954 and 13.8 insects in 1955. The next 
most frequent species was C. albotnargbiatns, on type III—VI quadrats giving 5.0 
insects per sq.m in 1954 and 3.8 in 1955. The least frequent species was C. btgut^ 
tulus in types I—VI, with 1.4 in 1954 and 0.8 in 1955. 


Table 8, Numbers of nymphs and adults (a) on the 50 quadrats sampled in 1953.* 




M. 

maculatus 


C. biguttidus 

C. albomarginatus 

Instar 

1 

2 

3 

4 

a 

1 

2 

3 

4 

a 

1 

2 

3 

4 

a 

22.VI 

1 

85 

109 

123 

42 

18 

38 

12 

6 

— 

48 

62 

102 

30 

3 

4.VII 

— 

15 

117 

98 

91 

23 

43 

17 

5 

1 

11 

27 

72 

89 

19 

11. VII 

— 

2 

32 

73 

72 

7 

23 

26 

12 

2 

— 

12 

39 

68 

59 

16. VII 

— 

2 

18 

65 

95 

1 

19 

21 

18 

2 

1 

5 

16 

40 

75 

28.VII 

— 

— 

2 

13 

113 

1 

4 

10 

20 

11 

— 

— 

6 

13 

87 

4.VIII 

3 

1 

— 

3 

108 

— 

— 

2 

13 

21 

1 

— 

1 

6 

98 

ll.VIII 

6 

2 

4 

— 

102 

— 

—, 

— 

6 

29 

— 

— 

— 

1 

66 

18.VIII 

— 

3 

7 

4 

84 

— 

— 

— 

— 

39 

— 

— 

— 

— 

73 

26.VIII 

— 

— 

3 

3 

79 

— 

— 

— 

— 

46 

— 

— 

— 

— 

50 

l.IX 

— 

1 

1 

4 

60 

— 

— 

— 

— 

29 

— 

— 

— 

— 

34 

8.IX 

— 

— 

— 

1 

58 

— 

— 

— 

— 

33 

— 

— 

— 

— 

32 

15.IX 

— 

1 

— 

1 

45 

— 

— 

— 

— 

18 

— 

— 

— 

— 

22 

24.IX 

— 

— 

— 

— 

39 

— 

— 

— 

— 

23 

— 

— 

— 

— 

18 

2 .x 

— 

— 

— 

— 

32 

— 

— 

— 

— 

23 

— 

— 

— 

— 

6 

7.x 

— 

— 

— 

— 

16 

— 

— 

— 

— ■ 

1 

— 

— 

— 

— 

1 

16 .x 





6 











27 .x 

—' 

— 

— 

— 

2 

— 

— 

— 

— 

3 

—■ 

— 

— 

— 

— 


In this and the following tables containing data pertaining to the sampling of the quadrats, 
the date indicates the time at which sampling was begun (see p. 378), 
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Table 9. Numbers of nymphs and adults (a) on the 50 quadrats sampled in 1954. 



Ai, maculatus 

C. bigutiulus 

C. albomarginatus 

Instar 

1 

2 

3 

4 

a 

1 

2 

3 

4 

a 

1 

2 

3 

4 

a 

24.IV 

13 















6.V 

501 

16 

— 

— 

— 

1 

— 

— 

— 

— 

4 

— 

— 

— 

— 

25.V 

311 

646 

281 

57 

— 

88 

11 

— 

— 

— 

360 

183 

6 

— 

— 

4. VI 

27 

398 

476 

253 

33 

159 

54 

4 

— 

— 

121 

382 

41 

1 

— 

14.VI 

2 

162 

240 

305 

91 

107 

87 

11 

2 

— 

23 

153 

150 

57 

4 

23.VI 

1 

53 

166 

229 

145 

36 

120 

25 

4 

— 

3 

72 

155 

90 

7 

29.VI 

— 

14 

111 

138 

156 

14 

60 

32 

1 

1 

— 

37 

109 

119 

20 

9.VII 

— 

3 

31 

93 

172 

12 

40 

51 

13 

— 

— 

14 

58 

112 

65 

20.VII 

— 

— 

7 

66 

223 

7 

13 

33 

35 

1 

— 

— 

11 

95 

135 

29.VII 

5 

2 

3 

22 

182 

1 

6 

15 

15 

6 

— 

— 

2 

32 

87 

6.VIII 

8 

3 

1 

3 

126 

— 

1 

9 

20 

15 

— 

— 

2 

5 

66 

14.VIII 

9 

3 

— 

— 

83 

— 

— 

5 

9 

17 

— 

— 

— 

3 

56 

28.VIII 

3 

11 

— 

— 

64 

— 

2 

— 

5 

32 

— 

— 

— 

1 

42 

7.IX 

— 

4 

9 

2 

55 

— 

2 

— 

— 

34 

— 

— 

— 

— 

22 

28.IX 

— 

— 

— 

1 

9 

— 

— 

— 

1 

18 

— 

— 

— 

— 

4 

12.x 

— 

— 

— 

1 

7 

— 

— 

1 

— 

8 

— 

— 

— 

— 

3 


In the period in which the adults populate the field, numbers have become small 
and density shows strong local variation. The largest number of adults of M. 
maculatus found on one sq.m is 8.0, of C. albomarginatus 28.6, both in 1954. 
The latter number was found on 20 July, 1954 in Quadrat 6 in a high, dense 
vegetation of CalamagrosHs epigejos. 

Richards & Waloff (1954) noted, concerning C, albomarginatus, that the 
largest number of adults found by them in England was only 2.0 to 2.2 insects 


Table 10. Numbers of nymphs and adults (a) on the 23 quadrats sampled in 1955. 



M. 7naculatus 

C. biguttulus 

C. albofnarginaius 

Instar 

1 

2 

3 

4 

a 

1 

2 

3 

4 

a 

1 

2 

3 

4 

a 

25.IV 
















29.IV 

69 

3 




1 










8.V 

402 

26 

1 

— 

— 

5 

— 

— 

— 

— 

4 

— 

— 

— 

— 

20.V 

566 

122 

10 

— 

— 

17 

— 

— 

— 

— 

45 

1 

— 

— 

— 

30,V 

533 

187 

32 

3 

— 

22 

— 

— 

— 

— 

115 

16 

— 

— 

— 

6.VI 

152 

232 

106 

17 

— 

38 

9 

— 

— 

— 

55 

111 

5 

— 

— 

16.VI 

86 

187 

129 

58 

— 

42 

12 

— 

— 

— 

28 

113 

13 

— 

— 

23.VI 

26 

169 

143 

101 

9 

22 

23 

3 

1 

— 

4 

77 

30 

— 

— 

27.VI 

3 

75 

no 

108 

26 

12 

20 

7 

1 

— 

1 

38 

33 

14 

— 

5.VII 

2 

50 

83 

81 

57 

13 

38 

9 

3 

— 

— 

7 

26 

33 

1 

11. VII 

3 

18 

61 

69 

74 

5 

27 

12 

3 

2 

— 

— 

24 

61 

16 

2 5. VII 

— 

— 

8 

28 

70 

— 

8 

6 

18 

2 

— 

— 

2 

16 

50 

11,VIII 

— 

— 

— 

1 

58 

— 

— 

1 

9 

14 

— 

— 

— 

— 

44 

23.VIII 

— 

— 

— 

2 

34 

— 

— 

— 

3 

16 

— 

— 

— 

— 

28 

6.IX 

3.x 

— 

— 

1 

— 

50 

28 

■— 

— 

— 

— 

25 

20 

— 

— 

— 

■— 

17 

Q 

20 .x 

— 

— 

— 

— 

9 

— 

— 

— 

— 

14 

— 

— 

— 


y 

1 
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per sq.m in the favourable year of 1949. In West Siberia, where this species some¬ 
times occurs in such large numbers that the term plague is used, Rubtzov (as 
cited by Richards & Waloff, 1954) reports numbers in the range of 100 to 150 
per sq.m. 

In the course of the season the numbers of insects gradually decrease. Charac¬ 
teristically, the curves representing the increase and decrease in the numbers of the 
various stages of the insects are smooth. There are thus no deviating observations 
suggesting great unreliability in the counts. As the season progresses we also see 
a series of gradually-occurring peaks, each time lying lower, reflecting the numbers 
of insects of the successive instars. This is in agreement with expectation, since 
as a result of mortality each stage would be present in lesser numbers than the 
preceding one. 

The composition of the population on the total surface sampled can be followed 
easily and offers good comparative material for the study of the data derived 
from the separate types of vegetation. 

The hatching sites 
Introduction 

The investigation of the places at which the larvae emerge from the eggs is 
important because it is from these places that the active stages of the grasshoppers 
make a choice among the possibilities offered by the vegetation. Information was 
already available concerning the requirements governing the choice of oviposition 
substrates by the females of the three species (Lensink, 1962). This information 
provides a useful indication of the places in which the initial appearance of the 
insects can be expected. 

The hatching sites were studied in 1954 by means of the quantitative sampling 
of a large number of quadrats (55 in all) in various types of vegetation which 
were visited every two or three days, including quadrats on horizontal ground as 
well at the north and south sides of slopes. 

The investigation had to be suspended a month after the appearance of the 
first instar: by that time there were so many nymphs in the field that sampling 
became unreliable. As a result of their increased activity, many of the larger 
nymphs jumped over the edge of the box. The greatest quantity of data was 
obtained for M, ttmculatus, because C. higuttulus and C. alhoniarginatus hatched 
later. However, numerous observations done apart from the sampling, as well as 
the data on the distribution of the first instar, were sufficient to provide a good 
idea of the hatching sites of C. higuttulus and C. albomarginatus. 


The hatching sites of Al. maculatus 

Table 11 gives the numbers of first instar of M. uiaculatus found on various 
dates on the quadrats sampled, as well as the type to which the vegetation belonged 
and also exposure, total vegetation coverage in per cents, the proportion of mosses 
and herbs in these percentages and the height of the vegetation in centimetres. 
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Table 11. The numbers of the first instar of M. 7 nacnlatus on 55 quadrats measuring 


Quadrat 

Total 
coverage 
in % 

Herb 
layer 
in % 

Moss 
layer 
in % 

Bare 
surface 
in % 

Height of 
vegetation 
in cm 

21.IV 

23.IV 

25.IV 

”NW-NE-slopes” types I, II, and IV 

1 100 80 30 

0 

10 

_ 

_ 

_ 

F 

100 

60 

50 

0 

5 

— 

— 

— 

18 

95 

40 

95 

5 

5 

— 

— 

— 

T 

100 

25 

95 

0 

10 

— 

— 

— 

U 

60 

40 

30 

40 

5 

— 

— 

— 

Y 

100 

70 

50 

0 

10 

— 

— 

— 

BB 

100 

90 

30 

0 

15 

— 

— 

— 

NN 

85 

40 

70 

20 

5 




"SE-SW-slopes” a) type I 

B 50 40 

50 

40 

10 

_ 

1 

3 

c 

60 

55 

10 

40 

10 

— 

2 

6 

E 

90 

20 

90 

10 

5 

— 

— 

— 

H 

40 

40 

50 

40 

10 

1 

— 

— 

9 

50 

40 

40 

60 

10 

1 

2 

7 

J 

K 

70 

25 

70 

30 

10 

— 

1 

— 

60 

40 

50 

40 

10 

6 

16 

29 

HH 

75 

30 

70 

30 

10 

— 

— 

— 

LL 

70 

30 

50 

35 

10 

1 

2 

2 

A 

b) types 11, III, and IV 
100 80 30 

0 

15 

_ 

— 

1 

G 

95 

55 

60 

5 

10 

— 

— 


L 

100 

60 

50 

0 

10 

— 

— 

1 

P 

95 

25 

95 

5 

15 

1 

— 

— 

V 

90 

70 

30 

10 

10 

— 

— 

1 

GG 

100 

50 

95 

0 

15 

— 



"Flat field” a) type I 

M 95 60 

60 

10 

15 

_ 

— 

1 

3 

6 

N 

25 

15 

25 

75 

10 

— 

— 

O 

30 

25 

10 

75 

10 

— 

— 

Q 

30 

25 

30 

70 

5 

2 

10 

32 

W 

80 

60 

40 

20 

20 

— 

— 

2 

KK 

60 

40 

20 

40 

5 

■— 

— 

1 

1 

JJ 

80 

70 

30 

30 

5 

— 

— 

S 

95 

50 

70 

5 

5 

— 

— 


2 

b) 

90 

types II, III, 
75 

and IV 

30 

15 

20 

— 

— 

R 

100 

85 

50 

0 

10 

— 

1 

31 

90 

80 

70 

10 

10 

— 

— 

Z 

95 

75 

60 

10 

10 

— 

— 

cc 

90 

75 

50 

10 

5 

— 

— 

MM 

95 

70 

70 

5 

5 

— 

— 

7 

95 

50 

90 

5 

10 

— 

— 

8 

95 

50 

90 

5 

10 

— 

— 

11 

100 

50 

80 

0 

10 

— 

— 

EE 

95 

50 

50 

10 

5 

— 

— 

FF 

100 

90 

20 

10 

5 

— 

— 
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one sq.m, in various types of vegetation, between 21 April and 18 May, 1954, 


27.IV 


29.IV 


l.V 


3/4.V 


5.V 


7.V 


lO.V 


13.V 


17/18.V 


1 


1 

2 

3 


1 

5 

2 

1 

2 


4 11 

4 11 

16 28 

4 2 

9 11 

1 3 

1 14 


1 

5 

5 

2 

1 

1 

5 


— 

14 

13 

3 

5 

6 

14 

12 

o 

1 

4 

10 

L 

3 

7 

11 

12 

8 

6 

4 

9 

4 

49 

49 

22 

3 

— 

3 

7 

3 

16 

6 

15 

1 


— 

— 

2 

3 

6 

4 

11 

1 

16 

20 

15 

7 

1 

3 

1 

2 

—. 

— 

1 

— 


17 

21 

18 

24 

3 

32 

5 

28 

24 

34 

13 

19 

66 

80 

17 

22 

27 

117 

22 

27 

2 

24 

7 

7 

7 

13 

10 

8 

2 

5 

10 

15 


— 

1 

1 

1 

9 

13 

23 

29 

7 

9 

30 

25 

2 

3 

7 

25 

— 

1 

3 

13 

2 

3 

15 

11 

— 

2 

2 

3 

— 

— 

2 

1 

— 

3 

1 

— 

4 

5 

11 

11 

3 

1 

1 

3 


8 

9 

26 

8 

11 

18 

16 

14 

4 

3 

5 

25 

6 

13 

36 

33 

10 

35 

15 

19 

9 

17 

9 

10 

7 

21 

16 

8 

1 

18 

4 

17 

2 

20 

6 

11 


3 

1 

7 

9 

2 

12 

18 

16 

8 

8 

14 

13 

12 

22 

18 

12 

5 

10 

7 

11 

5 

1 

3 

12 


24 

36 

44 

32 

28 

23 

38 

17 

19 

46 

60 

59 

22 

55 

52 

37 

27 

72 

72 

65 

7 

23 

23 

12 

8 

37 

23 

15 

15 

38 

49 

28 


3 

8 

21 

9 

26 

35 

23 

5 

19 

13 

57 

38 

11 

49 

79 

129 

8 

14 

37 

49 

16 

42 

12 

22 

— 

.— 

7 

12 

2 

1 

2 

31 

— 

7 

19 

20 

2 

5 

18 

13 

2 

7 

25 

65 


19 

8 

4 
8 
3 

15 

11 

9 

5 


8 

6 

8 

15 

1 

7 


21 

14 
11 

6 

20 

9 

15 
6 


8 

5 

13 

26 

9 

10 

10 

18 

5 

5 

11 
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Table 11, continued. The numbers of the first instar of M. maculatus on 55 quadrats measuring 


Quadrat 

Total 
coverage 
in % 

Herb 
layer 
in % 

Moss 
layer 
in % 

Bare 
surface 
in % 

Height of 
vegetation 
in cm 

21.IV 

23.IV 

25.IV 

D 

c) type V 

90 75 

25 

10 

15 



I 

_l 

5 

100 

100 

10 

0 

15 

— 

— 

— 1 

10 

100 

85 

60 

0 

15 

— 

— 

- 1 

DD 

95 

90 

20 

5 

5 

— 

— 


38 

100 

95 

40 

0 

10 

— 

— 

— 

3 

d) type VI 

100 100 

5 

0 

15 




4 

80 

80 

10 

10 

40 

— 

— 

\ 

6 

100 

100 

0 

0 

30 

— 

— 

- ! 

30 

100 

100 

0 

0 

15 

— 

— 


16 

100 

100 

15 

15 

10 

— 

— 


X 

100 

100 

0 

0 

15 

— 

— 

- i 

14 

100 

100 

0 

0 

15 

— 

— 

— 1 

AA 

100 

100 

5 

5 

10 

— 

— 

— 3 

5 


The following may be derived from the data in this table. 

The first nymphs of M. maculatus are found most densely in the areas indicated 
by ”SE-SW-slopes” and "Flat field”. In these areas, the quadrats with type I 
vegetation yielded large numbers. Those with vegetations of types II—IV gave 
lower hatching figures. In the "Flat field” types I—VII are also found. The num¬ 
bers of nymphs in type V are small. In type VI the figure was zero or very nearly 
so. Type VII could not be systematically sampled with the box. 

The first nymphs appear much later on the quadrats on the ”NW-NE-slopes”, 
in 1954 as much as ten days after the first nymphs had hatched. 

In terms of the rate at which the number increased, it can be seen that for the 
twelve samplings made between 21 April and 17—18 May in 1954 there was a 
rapid increase in the population of the ”SE-SW-slopes” type I quadrats. Except 
for lower initial rates, the ”Flat field” type I quadrats show almost the same 
picture. For types II—IV, the rate of increase is slower. The slowest rate is found 
in the ”Flat field” types II—IV. 

The amount of heat originating from sunlight is of course an obvious factor to 
consider in relation to these phenomena. In this connection the figures for the 
”NW-NE-slopes” become meaningful: the first nymphs appear on such slopes 
after all the other quadrats are populated. The importance of solar radiation for 
the rate of development of the eggs has already been discussed. In places with a 
well-developed surface cover, the eggs receive less heat than in uncovered sandy 
spots. In addition, in the spring appreciably less solar radiation reaches the north 
slopes than the south slopes (Stoutjesdijk, 1959), which explains the retardation 
in the development of the eggs laid on the former. Although the field on the 
north slopes lends itself well for oviposition, I have never been able to find newly- 
hatched larvae on them, and this also holds for the skins of the moulting vermi¬ 
form larvae which precede the first instar. This raises the question of whether we 
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one sq.m, in various types of vegetation, between 21 April and 18 May, 1954. 


27.1V 

1 

29.IV 

l.V 

3/4.V 

5.V 

7.V 

lO.V 

13.V 

17/18.V 


2 

4 


12 5 11 

3 4 1 

— — 2 


20 1 

1 ~ 

15 11 

1 5 

1 1 


4 

2 

4 

3 

1 


1 


1 


1 


1 


1 


4 


have to do here with migration from other localities. Several factors may be 
involved. The insects may have left their hatching sites of their own volition, 
some of them settling on the north slopes. Such migration would initially be small, 
because the young are small and not very active. Migration could be promoted by 
the passage of large animals and of people through the hatching areas; this can 
be seen to cause the insects to jump away in all directions. The wind may give 
direction to these movements, as can be observed when walking through vegetation 
when the wind is blowing hard: the jumping grasshoppers are swept in one 
direction by the wind. Before the first instar was found on the north slopes, a 
moderate to strong west to south wind blew from 1 May, 1954 on, so that the 
nymphs which hatched on the south slopes could have been blown into the north 
slopes. 

If we now return to the absolute figures given in the table for the various 
sectors, we note large differences. In some places large numbers of nymphs are 
found, in others very few. In a part of the field with sites suitable for oviposition, 
few or no young nymphs were found, and in the summer months few adults were 
seen in the same places. The oviposition substrate is evidently only one of the 
factors to play a role in distribution. 

In most places, the observations made in 1953 and 19'^ 5 agreed with those 
made in 1954. In 1955, however, there were local modifications in the vegetation. 
In the cold, damp spring of 1955, such grasses as Helictotrichon pubesce?7s 
reached their full growth very early and the structure of the vegetation in which 
they occurred, showed marked changes earlier in the season than would normally 
be expected. In the autumn of 1954, many eggs were found in the soil of a part 
of the terrain with a thin vegetation (type IV), but in 1955 the same locality 
showed a much denser vegetation at hatching time because of the rapid growth 
of these grasses. Nevertheless, large numbers of nymphs hatched in this moderately 
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dense growth (type V). In agreement with expectation, almost no eggs were laid 
in this part of the vegetation in the summer of 1955. It follows from this 
observation that such deviations from the normal can only be explained when the 
situation in the vegetation during the period of oviposition is known. 

Lastly, it can be seen from the table that on 3—4 May the numbers of nymphs, 
particularly on the very thinly covered plots, were markedly reduced. On 3 May 
there was a severe hail storm, just after sampling was begun, the entire field being 
strewn with hailstones. Sampling was resumed after the vegetation had dried, and 
was continued on 4 May. The numbers of insects found on the very thinly-covered 
quadrats were appreciably smaller than those on 1 May (Table 5). The hail took 
a great toll of the first instar nymphs. In the denser vegetation little or no effect 
was seen, the nymphs having been much better protected. On 5 May, many newly- 
hatched larvae were again found on the very thinly-covered spots. Other in¬ 
vestigators, including Uvarov (1928), Chopard (1938) and Richards & Wa- 
LOFF (1957) have observed the phenomenon of a sudden increase in hatching 
after rain. I have observed this phenomenon, apart from this case of a hail storm, 
once after rainfall. 


The hatching sites of C. higuttulus 

Because sampling of the hatching sites had to be limited, for practical reasons, 
to a period of a month, few data could be collected for C. higuttulus, the species 
which hatches the latest. The nymphs of this species did not appear until 6 May 
in 1954, 15 days after the sampling had begun. 

Simultaneously with the investigation of the hatching sites, the large-scale series 
sampling of the three sq.m quadrats was begun. Although the series sampling was 
done at long intervals in the hatching period, it nevertheless provided sufficient 
data to create an impression of the places where the first instar appears in the field. 
Table 12 gives the numbers of first instar nymphs of C. higuttulus found on 46 
quadrats measuring three sq.m, classified according to the six types of vegetation, 
from 24 April to 4 June, 1954. Table 13 gives the results of the 1955 sampling 
of 23 quadrats measuring three sq.m, from 25 April to 16 June. Where possible, 
the table for 1954 is supplemented with data from the sampling of the hatching 
sites. 

In no case do the numbers reach the high values found for M. inaculatus. Just 
as for M. maculatus, the date of first appearance in vegetations with incomplete 
soil coverage (type I) falls earlier than in vegetation with a complete moss cover 
and a well-developed herb layer (types II—V). This can be seen very clearly in 
the table for 1955. In the absence of part of the sampling on 14 May, 1954, 
Table 12 gives only a slight indication in this direction. 

The places where the most first instar nymphs of C. higuttulus were found, 
according to Tables 12 and 13, have vegetations belonging to types I—V, especially 
in the very thin grass cover, but also in dense, herb-rich grass vegetation. The 
numbers of nymphs found in the dense, high grass cover (type VI) are very small. 
If we assume that the nymphs of this species could migrate only very short distan¬ 
ces during the periods indicated in the tables, these samples of the first instar give 
a good picture of the hatching sites. To make this picture as complete as possible. 
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Table 12. The numbers of the first instar of C. higiittiilus on various quadrats measuring 
three sq.m in six types of vegetation from 24 April to 4 June, 1954. 


Quadrat ; 

24.IV 

6.V 

1 14.V 

25.V 

4.VI 

2 

_ 

1 

11 

9 

7 

9 

— 

— 

1 

3 

1 

11 

— 

— 

16 

5 

16 

19 

— 

— 

— 

1 

1 

20 

— 

— 

— 

— 

1 

29 

— 

— 

• 

5 

12 

31 

— 

— 

15 

8 

22 

7 

8 

18 

— 

— 

10 

2 

1 

1 

3 

— 

— 

— 

1 

34 

.— 

— 

• 

11 

5 

39 

— 

— 

• 

— 

2 

47 

— 

— 

• 

— 

5 

48 

— 

— 

• 

— 

2 

50 

— 

— 

• 

— 

12 

44 

— 

— 

• 

7 

7 

46 

— 

— 

• 

1 

— 

13 

— 

— 

— 

3 

— 

5 

10 


_ 

5 

3 

1 

21 

21 

— 

— 

— 

8 

4 

22 

— 

— 

— 

1 

7 

23 

— 

— 

• 

1 


25 

— 

— 

• 

— 

1 

26 

— 

— 

• 

— 

— 

27 

— 

— 

• 

— 

1 

38 

— 

1 

• 

2 

4 

3 

_ 

__ 

— 

5 

2 

4 

— 

— 

1 

3 

6 

16 

17 

24 

“ 

— 

— 

1 

3 

— 

— 

• 

— 

— 

32 

— 

— 

• 

— 

— 

33 

— 

— 

• 

— 

1 

30 

— 

— 

• 

5 

12 

6 

14 

15 

— 

— 

— 

— 

— 

_ 

— 

— 

1 

— 

28 

— 

— 

• 

— 

— 

35 

— 

— 

• 

— 

— 

37 

40 

42 

43 

— 

— 

• 

1 

1 

— 

— 

• 

• 

• 

— 

1 

45 

49 

— 

_ 

• 

• 

4 

___ 


Type I 


Type II 


Type III 


Type IV 


Type V 


Type VI 


• not sampled 
— no larvae 
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Table 13. The numbers of the first instar of C. biguttulus on various quadrats measuring 
three sq.m in five types of vegetation from 25 April to 16 June, 1955. 


Quadrat 

25.IV 

29.IV 

8.V 

20.V 

30.V 

6.VI 


Type I 2 

B 
9 
11 
L 
31 
C 


— 1 

1 4 7 

1 — 

- — 7 

— 1 


6 2 8 

1 6 6 

1 4 6 


Type JI 

7 

Type IV 

5 


H 


J 


10 


8 


A 

Type V 

D 


4 


N 

Type VI 

3 


6 


F 


G 


K 


M 


2 



1 — 

5 1 

— 1 

1 1 

11 13 

3 — 

3 — 

2 ~ 


a study of the oviposition sites was made during the winter. The greatest numbers 
of eggs were found in bare, sandy soil and in sandy soil with a moss cover. A few 
egg pods were also found in soils with many roots in small, bare spots in the 
dense, herb-rich vegetation. 

Laboratory experiments concerning the choice of the oviposition substrate are in 
good agreement with these findings (Lensink, 1962). The insects were provided 
with a number of substrates, collected from the field and kept as much intact as 
possible, representing bare sandy soil, sandy soil with a moss cover, dead grass, 
and a grass tussock. The eggs were laid in the bare sandy soil and in the sandy 
soil covered with moss, using the places in the latter exposed by splitting of the 
moss. Oviposition also appeared possible beside the grass tussock where the soil 
was well-supplied with roots. No eggs were found in the grass tussock proper. 

C. biguttulus therefore appears to have very ample opportunity for oviposition: 
its substrate is present throughout the field, only the very dense grass cover being 
unsuitable. 

The absolute numbers of nymphs found on various plots of each type of vege¬ 
tation show wide variation, however. The position of the quadrat in relation to its 
surroundings appears to be important. In this sense we find in type I, which shows 
strikingly few adults during the summer, the largest numbers on Quadrats 2, 11, 
29, and 31. With the exception of Quadrat 29, these quadrats lie in the immediate 
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Table l4. The numbers of the first instar of C. albomarginatus on various quadrats 
measuring three sq.m in six types of vegetation between 24 April and 4 June, 1954. 



Quadrat 

24.IV 1 

6.V 

14.V 

1 25.V 

4.VI 

Type I 

2 

o 

— 

— 

— 

2 

— 

11 

— 

— 

1 

1 

— 

19 

20 

— 

— 

1 

— 

— 

29 

— 

— 

• 

2 

1 

31 

— 

— 

• 

3 

1 

Type II 

7 

— 

— 

— 

3 

— 

8 

— 

— 

— 

— 

— 

18 

— 

— 

— 

— 

— 

Type III 

34 

— 

— 

• 

3 

3 

39 

— 

— 

• 

15 

1 

47 

— 

— 

• 

4 

1 

48 

— 

— 

• 

1 

— 

50 

— 

— 

• 

1 

1 

44 

— 

— 

• 

31 

— 

46 

— 

— 

• 

— 

7 

13 

— 

— 

— 

— 

— 

Type IV 

5 

— 

— 

15 

82 

33 

10 

— 

— 

— 

3 

3 

21 

— 

— 

1 

3 

— 

22 

— 

— 

— 

— 

— 

23 

— 

— 

• 

1 

— 

25 

— 

— 

• 

1 

— 

26 

— 

— 

• 

2 

— 

27 

— 

— 

• 

— 

— 

38 

— 

— 

• 

27 

7 

Type V 

3 

— 

— 

15 

10 

1 

4 

— 

— 

5 

— 

— 

16 

— 

— 

2 

— 

— 

17 

24 

_ 

_ 

• 

5 

1 

32 

— 

— 

• 

10 

7 

33 

— 

— 

• 

11 

2 

30 

— 

— 

• 

2 

— 

Type VI 

6 

— 

— 

29 

47 

21 

14 

— 

— 

1 

1 

5 

15 

— 

— 

1 

— 

— 

28 

— 

— 

— 

4 

*— 

35 

— 

— 

— 

2 

2 

37 

— 

— 

• 

5 

4 

40 

— 

— 

• 

9 

3 

42 

— 

— 

• 

8 

2 

43 

_ 

— 

• 

8 

4 

45 

_ 

— 

• 

14 

4 

49 

— 

— 

• 

18 

— 


• not sampled 
— no larvae 
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vicinity of type V (dense, herb-rich vegetation) and type VII (Salix repens shrub), 
vegetations in which many adults were seen. The other quadrats of type I are 
distributed in the field among type II vegetation. This indicates that the 
combination of environments suitable to the adult insect and a suitable oviposition 
substrate plays an important role in the distribution of these insects. 


The hatching sites of C. alhoinarginatus 

For C. alhomargtnatus, too, the hatching site samplings provided little data 
concerning the places where the first nymphs appear in the field. The nymphs of 
this species appeared in 1954 on 6 May in the field, i.e., halfway through the 
period of sampling. As for C. biguttulus, the data from the sampling of the three 
sq.m quadrats in 1954 and 1955 give a rather good impression of the hatching 
sites. Supplementary data is provided by the otherwise scarce data obtained from 
the study of the oviposition substrate. 

Table 14 gives the numbers of the first instar of C albo^narginatus found on 
46 quadrats measuring three sq.m, classified according to the six types of vege¬ 
tation, between 24 April and 4 June, 1954. Table 15 shows the results of the 
large-scale series sampling in 1955 on 23 quadrats measuring three sq.m, between 
25 April and 16 June. The numbers of the first instar found in the field are, 
with a few exceptions, not very large. With respect to population numbers, C, 
albomarginatus falls between M. ijiaculatus and C. bigiittulus. On only one spot 
in the field did this species take the leading position, especially in 1953 and 1954. 
The relevant quadrats were, in 1954 Quadrats 5 and 6, and in 1955 Quadrats 5, 
H, and J. 

The first instar nymphs of C. albomarginatus were found, according to both 
tables, in all the types of vegetation, but the highest numbers were found in the 
more dense vegetation, in 1954 in types III, IV, V, and especially VI, and in 
1955 only in type IV. 

The absence of the hatching of nymphs in type VI in 1955 is even more remark¬ 
able in relation to the data from the summer of 1954, when large numbers of 
adults of this species were found in this type of vegetation. In Quadrat 6, for 
instance, situated in a part of the terrain in which large numbers of C. albomar¬ 
ginatus were consistently found, gave on 20 July, 1954 the maximum number of 
86 adults insects on three sq.m. 

We can be certain that eggs were laid in the summer of 1954 in the dense, high 
grass vegetations because they were found in a number of places between dead 
grass blades. It is probable that there was a high mortality among the egg pods in 
this dense vegetation, possibly caused by a deviation in the normal spring tem¬ 
peratures. In the spring of 1955, the minimum values for the air temperatures 
were often very low. Especially in the high, dense grass vegetation, temperatures 
in the latter part of the night may reach very low values, with local frost. Further 
investigation will be required to determine whether eggs can be damaged by low 
temperatures in the last stage of their development. 

The search for egg pods in the winter months showed that they had been 
deposited not only in type VI vegetation, but also in the moss layer of types III 
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Table 15. The numbers of the first instar of C. alboniarginatus on various quadrats measuring 
three sq.m in five types of vegetation between 25 April and 16 June, 1955. 



Quadrat 

25.IV 

29.IV 

8.V 

1 20.V 

30.V 

6.VI 

16.VI 

Type I 

2 

— 

— 

— 

5 

2 

3 

1 


B 

— 

■— 

’ — 

2 

3 

— 

— 


9 

11 

L 

31 

— 

— 

— 

3 

1 

J> 

5 

1 

2 

2 

Type II 

C 

7 


_ 

: 

: 

2 

6 

3 

1 

Type IV 

5 

— 

— 

— 

5 

13 

13 

7 


H 

— 

— 

3 

10 

37 

10 

8 


J 

10 

8 

— 

— 

1 

17 

24 

2 

2 

17 

2 

7 

1 

Type V 

A 

D 

4 

— 

— 

— 

1 

3 

2 

2 

1 

Type VI 

N 

3 

6 

F 

— 

— 

— 

— 

4 

1 

— 


G 

K 

M 

— 

— 

— 

1 

1 

2 

1 

2 

_ 


and IV in the immediate vicinity of high, dense grass growths in which the adults 
occur during the summer months. 

Experiments concerning the choice of oviposition substrate (Lensink, 1962) 
support these data. C. albo marginal us was provided with a number of substrates 
collected as nearly intact as possible from the field. From the substrates provided 
(bare sandy soil, moss-covered sandy soil, dead grass, and a grass tussock) the 
females chose not only the tussock and the dead grass but also the moss-covered 
sandy soil. The eggs were laid against the stalks of the grasses and dead grass 
leaves and between the moss plants. No eggs were found in or on the bare sandy 
soil. 

C. alboniarginatus thus has a great many possibilities for the deposition of eggs 
in the terrain in which the study was made, since its preferred substrates occur 
widely. The wide variations in the numbers of nymphs on the various quadrats 
within the types of vegetation on which the largest numbers occurred indicate, 
however, that for this species, too, the oviposition substrate is only one of the 
factors which determine distribution in the field. In 1954 in type III, the largest 
numbers were recorded for Quadrats 39 and 44, in type IV on 5 and 38, and in 
1955 in type IV on 5, H, and J. The largest numbers of the first instar were found 
on those plots lying closest to the type VI vegetations where the most adults of 
this species were found during the summer months. These plots lie at a maximum 
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distance of five metres of the edge of the high, dense grass cover. The remaining 
quadrats in types III and IV lie at a great distance, in various parts of the terrain. 

Within type I, too, Quadrats 11 and 31 lie within five metres of the dense, 
high grass vegetations. The small numbers of nymphs occurring on these very 
thinly-covered spots indicate the unsuitability of these vegetations for oviposition. 


The distribution of the grasshoppers during the season 
The distribution of M, maculatus 

The investigation into the hatching sites of M. maculatus shows that most of 
the nymphs hatch in particular types of vegetation. During their development the 
insects spread out over a large part of the terrain. This dispersion was followed 
by means of a series of 17 samplings taken during the season in 1953, 1954, and 
1955 in six types of vegetation. In 1953, after a preparatory period, sampling was 
not begun until 26 June, when adults were already present in the field. The data 
from these samplings are therefore not suitable for systematic analysis, but have 
been used, where relevant, in the discussion of the results of the 1954 and 1955 
sampling. 

Comparison of the total number of nymphs of each of the four stages with each 
other and with the adult stage occurring on the quadrats of each type of vegetation, 
is sufficient to give a general picture of what takes place in the field. Tables 16 
and 17 give these figures for the nymphs and the adults in 1954 and 1955. 

In Table 16 the columns for the first and second instars have been corrected 
because a change in weather conditions interrupted the sampling on 14 May. Only 
22 of the 46 quadrats could be sampled. The loss of part of the sample, just in a 
period when the nymphs of the first instar are numerous in the field, meant the 
loss of a number of data. In order to provide comparable values for the table, an 
estimate was made of the numbers of nymphs of the first and second instar which 
could be expected on 14 May on the 46 quadrats. For this use was made of the 
data collected from the 22 quadrats over the entire season. We then compared the 
numbers of nymphs of the first and second instar found on 14 May and the num¬ 
bers of nymphs of the first and second instar found on those 22 quadrats during 
all samplings. This gave the part taken by the 14 May sampling in the total series. 
Table 18 gives these figures. 

It appears that the numbers of nymphs of the first instar found on 14 May on 
22 quadrats in vegetation types I—IV (there were still almost no nymphs present 
in types V and VI) represent almost half in type I and appreciably more than half 
in the other types of the numbers observed with the entire sampling. Table 16 
gives the estimated data for 14 May, arrived at by taking the total numbers of 
nymphs of the first and second instar found during the other samplings and 
multiplying by 2 and 1^ respectively. 

Tables 16 and 17 give the data for a number of quadrats in type I vegetation 
separately, since in connection with their special position these quadrats show 
marked differences from the others. For the same reason the data from the three 
quadrats in type VI are given separately in Table 16. 
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Table 16. The total numbers of nymphs and adults (a) of M. maculatus found on the 
quadrats of each type of vegetation during the entire season in 1954. 


Instar 

1 

2 

3 

4 

a 

No. of quadrats 
sampled 

Type I 

430 

115 

41 

33 

37 

5 

Type I 

121 

146 

122 

84 

155 

2 

Type II 

200 

101 

26 

14 

16 

3 

Type III 

400 

560 

353 

228 

191 

8 

Type IV 

300 

387 

330 

248 

238 

9 

Type V 

21 

159 

281 

332 

460 

8 

Type VI 

1 

15 

26 

43 

45 

8 

Type VI 

0 

14 

33 

90 

97 

3 

No. of samplings 

7 

8 

9 

9 

! 



Table 17. Same observations as Table 16, but in 1955. 


Instar 

1 

2 

3 

4 

a 

No. of quadrats 
sampled 

Type I 

900 

328 

118 

55 

67 

4 

Type I 

474 

248 

188 

125 

150 

3 

Type II 

44 

53 

16 

6 

5 

1 

Type III 

— 

— 

— 

— 

— 

— 

Type IV 

332 

359 

266 

158 

92 

6 

Type V 

96 

80 

95 

104 

91 

3 

Type VI 

0 

6 

8 

10 

11 

6 

No. of samplings 

11 

10 

10 

10 

10 



The data in these tables, taken together, give an idea of events in the field, but 
three factors must be kept in mind: 

(a) the numbers of quadrats within each type of vegetation are not the same, 
so that the horizontal columns may not be directly compared (for instance, type II 
is poorly represented in this sense); 

(b) during the presence of each stage in the field the quadrats were not 
sampled the same number of times, so that direct comparison of the vertical 
columns is not possible (Tables 16 and 17); 

(c) the intervals between two successive samplings are not always the same 
(Tables 19 and 20). 

It is clear that the nymphs and adults populate almost all the various types of 
vegetation in the terrain. Small numbers are found only for type VI, the high, 
dense grass cover. Within types I and II, it is striking that the number of nymphs 
decreases strongly from the first to the fourth instar. In 1954 in type I the figures 
for the first to the fourth instar averaged 12.3, 2.9, 0.9, and 0.6 nymphs res¬ 
pectively per quadrat per sampling. In 1955 the figures were 20.4, 8.2, 2.6, 
and 1.4, 

This sharp decrease is not found for types III and IV. Here the average num- 
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Table 18. M. maculatus, sampling, 14 March, 1954. See text, p, 398. 


Type 

: 

II 

III 

IV 

Instar 

1 

2 

1 

2 

1 

2 

1 

2 

22 quadrats, 14.V 

128 

37 

132 

20 

21 

9 

121 

34 

22 quadrats 

all samplings, 1954 

282 209 

230 

91 

27 

41 

234 222 


bers of nymphs per quadrat and per sampling for 1954 is 7, 9, 5, and 3 in type III, 
and 5.3, 6, 4.6, and 3.4 in type IV; for 1955: 5, 6, 4.4, and 2.6 in type IV. 

For the quadrats within type V the average values for 1954 are 0.38, 2.5, 4, 
and 4.5, and for 1955; 3, 2.7, 3.2, and 3.46 nymphs. 

A decrease in numbers is to be expected in all cases as a result of mortality 
among the insects. Unfavourable conditions in a given environment will increase 
this mortality. But unfavourable conditions in a given environment may also lead 
to migration. The character of the first two types of vegetation suggests that in 
the course of the early summer, climatic conditions are unusually unfavourable 
for the grasshoppers. The vegetation supplies a distinct indication for this. It is an 
obvious assumption that migration will occur from places where conditions are 
becoming less favourable toward more protected vegetation. This assumption is 
supported by the variations in the values for types III through V. In types III and 
IV the initial decrease is zero, but it is later smaller than that in the first two types. 
Type V even shows a distinct initial increase in numbers. 

The discussion which follows concerns the course of the development in space 
and time, within each type on the individual quadrats. 

Type I. Vegetation of type I is characterized by the very thin structure of the 
plant growth. Tables 19 and 20 give the numbers of the various nymph stages 
and adults (a) found on quadrats belonging to type I in the course of the season 
in 1954 and 1955, respectively. Many nymphs of the first instar were found on 
these quadrats and during the first month after hatching this quadrats are the most 
densely populated. On one quadrat on a south slope with a very thin cover and 
extreme exposure to wind and rain, however, very few grasshoppers were seen 
during the entire season. 

During the early summer, the numbers of nymphs of the older instars decreased 
rapidly on the type I quadrats in 1954 (Table 19) and 1955 (Table 20). Starting 
with the third and fourth instars, the numbers are small compared to those for 
the first and second instars. Adults are scarce during the summer, but in late 
summer and autumn the numbers show a relative increase in comparison to the 
other types. In the latter period the density of the adults has already fallen far 
below the highest values. 

On Quadrats 2 and 11 in 1954 and 1955 the situation took a different course. 
The numbers of first to fourth instar nymphs did decrease, but to a much smaller 
extent than in the other quadrats of this type. Nymphs and especially adults were 
found on Quadrats 2 and 11 throughout the season. If the vegetation of these 
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two quadrats is compared with that of the others, little difference is found, but 
there is a difference in their location in the field. Quadrats 2 and 11 are located 
to the south of a four metre high hawthorn hedge (2) and along a shrub of 
creeping willow (11). The remaining quadrats lie distributed over the terrain, 
among vegetations of types II, III, and IV. Along the edges of the hedge and the 
shrub there is a rather well-developed strip of grass in which older nymphs and 
adults were observed throughout the summer, the vegetation apparently being 
extremely suitable for habitation. 

Regarding the situation in the vegetations of type I, we may state that M. tnactt- 
latus hatches in it in large numbers; that the numbers of nymphs of the later 
immature stages are low when this vegetation is surrounded by types II, III, and IV 
but that nymphs and adults can maintain themselves if there is a protective 
vegetation in the immediate vicinity; and that while the adults are initially scarce 
they nevertheless occur in larger numbers later in the season. 

Type II. The vegetations grouped under type II are distinguished from those of 
type I by the development of the moss layer. The high herb layer gives slightly 
more coverage than that of type I. The results of the counts on Quadrat 7 are 
given in Table 21. 

Here, too, as in the type I quadrats, many nymphs are hatched. However, the 
numbers of specimens of later instars found later in the season are appreciably 
smaller. Adults were scarce until late in September. On north slopes, on which 
there are about 150 sq.m of uniform vegetation, very few grasshoppers were 

observed during the three years of the investigation. 

Type III. The vegetations belonging to type III are characterized by a dense 

moss and lichen layer and grass tussocks in the high herb layer. This type was not 

sampled in 1955. The results of the counts are given in Table 21. 

Nymphs hatched on all quadrats. Hatching was observed on small, bare spots 
under blades of Festuca grass and in places where ants regularly brought sand to 
the surface. Because a large number of quadrats in this type could not be sampled 
on 14 May, 1954, little can be said concerning the numbers of the first instar 
hatched and later present on them. On 13 May, 1954, however, in connection with 
the study of the hatching sites of M. maculatuSj three quadrats measuring one 
sq.m in type III vegetation were sampled (EE, FF, and CC, Table 11). On these 
quadrats, 13, 65, and 49 first instar nymphs were found, respectively. The quad¬ 
rats measuring one sq.m were located in the same part of the terrain as Quadrats 
46, 47, 48, and 50. These data, taken together with the large numbers of second 
instar nymphs found on the quadrats, justify the assumption that the numbers 
of nymphs hatched on the unsampled plots were large. 

Nymphs of the third and fourth instar remain in type III vegetation in larger 
numbers than in types I and II. Adults are found primarily in the summer months. 
During the sampling of these quadrats in July and August on warm, sunny days, 
most of the older nymphs and adults were seen in or close to the grass tussocks. 

Summarizing, we may state that many nymphs hatch in type III vegetation but 
also that the sharp decrease in numbers that occurs in types I and II is not seen 


Table 21. Numbers of nymphs and adults (a) of M. maculatus on quadrats belonging to type II in 1954 and 1955, and to type III in 1954. 
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Table 22. Numbers of nymphs and adults (a) of M. maculatus on quadrats belonging to type IV in 1954 and 1955. 
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to the same extent in type III. Type III vegetation evidently induces a population 
of more stable size. 

Type IV. The vegetations grouped under type IV possess a moss layer covered 
by a rosette layer and a dense carpetting layer. The results of the counts in this 
type of vegetation are given in Table 22. 

M. maculatiis was consistently observed on all the sampled quadrats during a 
large part of the season. Nymphs were hatched although not in such high numbers 
as were reached on types I and II, the typical hatching sites. Older stages remain 
present in relatively large numbers, while the adults populate the quadrats in 
varying density. 

Type V. The vegetations included in type V are characterized by the large 
proportion of grasses in the high herb layer. The results of the counts are given 
in Table 23. 

The numbers of nymphs hatched in this type of vegetation are very small, and 
the first instar is later poorly represented as well. Quadrat D formed an exception 
in this respect in 1955. In 1954 the situation in this locality was quite different 
from 1955, which is important for the evaluation. 

In the months June and July the quadrats were populated by large numbers of 
second, third, and fourth instar nymphs and adults. Since repeated observation of 
these vegetations showed that few or no nymphs hatched, the increase in the 
numbers of older nymphs and adults must be ascribed to migration from less 
dense vegetations. 

The adults, which are initially numerous in this type of vegetation, either occur 
rarely or are entirely absent from the middle of August on. This phenomenon was 
particularly distinct in 1954, in a period in which appreciable numbers of nymphs 
still populated the field. 

The type IV quadrats were chosen in the terrain such that they were located not 
only in the transitional areas between high, dry parts and lower, damp parts but 
also in the three to four metre wide strips along the hedges surrounding the ter¬ 
rain. In one part of the terrain along a hawthorn hedge in which Quadrats 3, 4, 
and D were chosen five, three and one metres respectively from the edge of this 
vegetation, large numbers of nymphs and adults occurred in the summers of 1953 
and 1954. In the summer of 1955, due to the early and vigorous growth of the 
grasses, the vegetation of this part of the terrain was so changed in structure that 
a large part of the cover outside the one metre wide borders had to be assigned 
to type VI. The adults were found in this year almost exclusively in these borders. 
In 1956 both the vegetation and the M. maculatus population in this part of the 
terrain were comparable to those in 1954. 

A similar ’’border population” was observed outside the terrain of investigation 
in a type V vegetation occurring in a corner of the landward dunes about 15 metres 
in width. Older nymphs and adults of M. mandat us were found in 1954 in the 
approximately five metre wide border, although few or no other grasshoppers were 
found in this vegetation. 


Table 23. Numbers of nymphs and adults (a) of M, maculatus on quadrats belonging to type V in 1954 and 1955. 
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Type VI. Type VI vegetation includes the high-growing, dense grass and herb- 
rich dune meadows. Few or no M. maculatiis were found in the eight quadrats 
chosen in this type of vegetation. Three quadrats, however, lay in this vegetation, 
which became type III with almost no transition. 

The situation on these quadrats is comparable to that in type V: no hatching; 
migration of older instars from outside the quadrats. It was noted for one of the 
quadrats, located in the eastern corner of the terrain, that after a period with 
strong west wind more adults were observed in the border zone than elsewhere, 
a case for which the direct influence of macroclimatological conditions may be 
assumed to the exclusion of microclimatological influences. 

Summary. Summarizing the results of the observations during the period in 
which M. f?iaculatus populated the field, we may state the following: 

(a) The greatest numbers of nymphs hatch in vegetation types I and II; in 
places where the moss layer is only partially developed (type I), unusually high 
numbers hatch; 

(b) Nymphs hatch in types III and IV vegetation, but in smaller numbers 
than in types I and II; 

(c) Nymphs hatch in types V and VI only in very small numbers; 

(d) In types I and II the numbers of nymphs drop rapidly a month after 
hatching; few nymphs of the third and fourth instar occur; adults are scarce, 
although there is reason to assume that they are relatively more numerous later 
in the season; 

(e) In types III and IV the numbers of nymphs decrease during the early 
summer, but at an appreciably slower rate than in the types I and II; 

(f) During the first month after the beginning of hatching, nymphs of the 
second and older instars enter type V vegetation, and this also occurs in the bor¬ 
ders of vegetations of type VI; 

(g) Later in the season, in about the middle of August, no adults are observed 
in vegetation of type V and in the borders of type VI. 

Results. The study of the occurrence of M. maadatus has shown that the occur¬ 
rence of grasshoppers cannot be determined by means of one or more incidental 
observations. We have seen that in the course of the season in which this species 
populates the field, the places in which the most nymphs hatch become empty, 
while older nymphs appear in the dense, herb-rich vegetations. Migration thus 
occurs in the course of the season from less dense to denser vegetations, evidence 
of a shift in the choice of the habitat. 

The results of this migration from types I and II to types III and IV is hardly 
or not at all noticeable in large parts of the field because the surface of the terrain 
covered by type I and II vegetation is very small in comparison to the surface 
covered with types III and IV, and the spread is consequently very great. Only 
in places where there are many grasshoppers, i.e., where vegetation types I and II 
lie close to types IV and V, can this shift be clearly demonstrated, as is the case, 
for example for Quadrats 2, B, 3, 4, and D. 

Later in the season, when mostly only adults are present, the insects disappear 


Table 24. Numbers of adults of M. maculatus on a number of quadrats belonging to types I and V in 1953, 1954, and 1955. 
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Graph 1. Myrmeleotettix maculatus. Abundance of the various stages on the sampling dates. 
Absciss: dates on which the samples were taken; ordinate: number of specimens. Further 
explanation in text. Continued on next page 
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from the dense, herb-rich vegetations. An increase in the numbers of adults in the 
less dense vegetations is difficult to demonstrate, because in this period the density 
of the insects has already passed its maximum and the spread is again very great. 
It was nevertheless striking that, for instance, in Quadrat 9, there was a distinct 
increase in the number of adults. This Quadrat was located at a distance of about 
30 metres of type V vegetation. For purposes of illustration, Table 24 gives the 
numbers of adults found on type I and type V quadrats in 1953, 1954, and 1955. 
Graph 1 shows the variations in population in 1954 in a number of quadrats 
belonging to types I—V, also for illustrative purposes. 

The distribution of C. biguttulus 

As has already been said nymphs of C. biguttulus were found to hatch in 
vegetation types I—V. The majority, however, hatched in the very thin vegetations 
of type I, particularly where this type lay in the vicinity of types V and VII. 

The numbers of insects of this species observed in the terrain were consistently 
small. In 1955 the numbers were so small that conclusions can barely be drawn. 
The largest numbers (63 nymphs) were found on 5 July, 1955 (on 23 quadrats 
measuring three sq.m each). 

If, as for M. maculatus, we compare the total numbers of nymphs of each of 
the four instars and the adults found on the quadrats of each type of vegetation 
during the season in 1954, a general picture of the variation in numbers is again 
apparent. The figures are given in Table 25. 


Table 25. The total numbers of nymphs and adults (a) of C. biguttulus found on the 
quadrats of each type of vegetation during the entire season in 1954. 


Instar 

1 

2 

3 

4 

a 

No. of quadrats 
sampled 

Type I 

48 

28 

3 

2 

4 

5 

Type I 

79 

38 

8 

2 

11 

2 

Type II 

17 

5 

2 

1 

1 

3 

Type III 

119 

91 

16 

6 

11 

8 

Type IV 

105 

97 

35 

20 

35 

9 

Type V 

34 

48 

59 

40 

39 

8 

Type VI 

18 

43 

57 

29 

31 

11 

No. of samplings 

10 

10 

9 

9 

10 






























Table 26. Numbers of nymphs and adults (a) of C. biguitulus on seven quadrats of type I and three quadrats of type II and on Quadrats 2 and 11 
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In this table a correction has been applied for the first instar on the five 
type I quadrats, because of the partial loss of 14 May, 1954 sampling (p. 398). 
The numbers of the first instar missed on type I vegetation are estimated to be 1/3 
of the numbers observed during the other samplings. 

Quadrats 2 and 11 were sampled on 14 May and the data from these quadrats 
are given separately in the table because by far the largest numbers were found on 
these two quadrats. The numbers of the first to fourth instar decrease strongly 
in vegetation types I and II, the average figures per quadrat in type I being 1.81, 
0.94, 0.17, 0.06, and in type II 0.56, 0.17, 0.08, and 0.04. These figures clearly 
reflect the limited density. 

In the type III tussock vegetation and the type IV herb-rich vegetation, the 
numbers also drop during development, but not with the initial rapidity found 
for the two other types. For type III the average figures are 1.50, 1.14, 0.22, and 
0.08 and for type IV 1.16, 1.08, 0.43, and 0.25 nymphs per quadrat respectively. 
In the dense, low herb-rich vegetation of type V and the dense, high grass cover 
of type VI, very few nymphs of the first instar were found initially, but the 
numbers increased with the more advanced instars. Per quadrat the average figures 
for type V are 0.42, O.6O, 0.82, and 0.58 and for type VI 0.16, 0.40, 0.58, and 
0.29 nymphs respectively. 

Comparison of these values indicates that in the types I and II vegetations the 
numbers of nymphs drop more rapidly during development than in types III and 
IV and that there is an initial rise in types V and VI, followed by a drop. 

As for M. maculatus, we may state that in addition to mortality there will be 
an effect due to migration from the microclimate of vegetation types I and II 
(where conditions tend to become extreme in the course of the early summer) 
to vegetations that offer more protection, i.e., types III through VI. The fact that 
migration is not noticeable in types III and VI may be explained on the basis of 
the fact that both the latter types of vegetation constitute an appreciably larger 
proportion of the terrain than the former. The spread is consequently very great. 

The data for the individual quadrats will not be discussed because the numbers 
are so low, especially those for the older stages, but the general tendencies in the 
individual types will be evaluated. 

Types I and II. Table 26 gives the total numbers of nymphs of all instars and 
the adults found on the 1954 sampling dates on seven quadrats of type I and three 
quadrats of type II. Table 29 gives the same data for seven type I quadrats in 
1955. These tables show that the quadrats with a very thin cover are populated 
principally by nymphs of the first and second instar, the older instars being found 
only in small numbers. Beginning in July, this species has almost disappeared 
from these quadrats. Adults are not seen on them until the end of August, al¬ 
though in 1954 they were seen on 29 June and in 1955 on 11 July, during field 
sampling. 

Quadrats 2 and 11 showed the largest numbers in 1954 in comparison with the 
other quadrats of the same type. The location of these quadrats is exceptional, next 
to a hawthorn hedge and creeping willow shrub (see for M, maculatus p. 403) 
in which and beside which adults of C. biguttulus were seen throughout the sum- 


Tables 27 and 28. Number of nymphs and adults (a) of C. biguttulus on quadrats belonging to different types in 1954. 
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mer. This species also showed the highest numbers on Quadrat 2 in 1955. The 
vegetation along the edge of low shrubs apparently provides a very favourable 
habitat for this species. 

Types III and IV. Tables 27 and 30 give the results of the counts in 1954 and 
1955 in the same way as the tables for types I and II. Type III was not studied 
in 1955. First and second instar nymphs predominated on the quadrats of both 
types. Here again the numbers of the third and fourth instar nymphs are distinctly 
lower. Adults appeared first at the beginning of August in 1954 and the end of 
August in 1955. 

Types V and VI. Tables 28 and 31 give the results of the counts in 1954 and 
1955. First instar nymphs were observed on these quadrats too. In comparison 
with the figures for the other types of vegetation, the numbers in type VI are 
appreciably lower. 

Experiments concerning the choice of oviposition substrate have shown that the 
uninterrupted vegetation and the insulating layer of dead grass are not suitable 
for oviposition (Lensink, 1962). In the high, dense grass vegetation an egg pod 
of C. biguttulus was occasionally found in old molehills (which occur here and 
there in low-lying spots), and this explains the observation of newly-hatched 
larvae of this species in this type of vegetation. 

In 1954 nymphs or adults were found throughout the whole season in both 
the low dense (V) and the high dense (VI) grass vegetations. The numbers of 
the second, third and fourth instar are higher than that of the first instar, in¬ 
dicating migration from the less dense vegetation in which the larger numbers 
of the first instar are found. This is also apparent from the totals of all the qua¬ 
drats per type. 

This migration is hardly noticeable for 1955 in the tables. It should be remarked 
here that in that year the grass cover of types V and VI showed a rapid growth 
early in the summer in comparison with 1953 and 1954, so that the structure was 
unusually dense, particularly in type VI. Migration reached only the edges of these 
vegetations. The same phenomenon was observed in Quadrats D and 4, located 
in the same area along the hawthorn hedge as Quadrat 2. 

No reduction in the numbers of insects in these dense types of vegetation, such 
as that found for M, inaculatus in type V, was seen for this species. Fewer speci¬ 
mens were seen and heard towards the end of August in the edges of low creeping 
willow shrubs. This could not be demonstrated by sampling because the densities 
had already become very low. These observations point to a shift to more open 
vegetation, which is also expressed in the data for the quadrats of the first four 
types of vegetation at the end of the season and the large numbers of newly- 
hatched larvae in this types in spring. 

A comparison of the numbers of adults found on the various dates of sampling 
in the quadrats of the various vegetation types fail to explain this shift conclusively. 

Summary. In the period during which C. biguttulus occurs in the terrain in 
which the investigation was carried out, we see the following: 


Tables 29, 30, and 31. Numbers of nymphs and adults (a) of C. biguttulus on quadrats belonging to different types in 1955. 
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(a) The insects hatch in all types of vegetation, but the largest numbers hatch 
in type I where it borders on type V or type VI or along the hedges locally bor¬ 
dering the terrain and beside growths of creeping willow (VII); 

(b) During development the numbers of nymphs in types I and II decrease 
and few or no specimens of older instars occur in these types during the summer; 
a decrease is obvious in types III and IV, although during the summer 
older instars do occur, albeit in limited numbers; in types V and VI in 1954 an 
increase in the numbers of the second and third instar was observed in relation 
to the numbers of nymphs hatched in this type of vegetation; in 1955 this increase 
was not observed in type VI (probably as a result of the very rapid growth of 
the vegetation which became dense very early in the season); 

(c) Adults were not found in the quadrats of types I, II, III, and IV until late 
in the season (at the end of August) in 1954 and 1955; in the remaining quadrats 
in both dense vegetation structures they were found from their first appearance 
in the field until the period of the night frosts in October. 

Results. The investigation into the distribution of C. bigulltthts again showed 
that incidental observations are insufficient to establish the occurrence of the 
species from egg to adult. And shifts occur for this species also. The oviposition 
sites are located in entirely different parts of the field than are the places in which 
the adults live. 

There is distinct migration towards the dense, herb-rich growths and grass 
vegetations. The numbers of adults are limited and they are found primarily in the 
denser vegetations. Only later in the season do they occur elsewhere, in the types 
I—IV vegetations. These latter insects could not have developed from a locally 
present population, so they must have shifted from the more dense to the less 
dense vegetation. 


The distribution of C. albomarginatus 

The investigation into the hatching sites of C. albomargwatus showed that the 
first instar was present in all the vegetations of the terrain. Since the nymphs are 
not very mobile during the days immediately following hatching, it may be 
assumed that they had hatched where they were found and that they later spread 
out from these hatching sites. The largest numbers of older nymphs were found 
in the denser grass vegetations, in 1953 and 1954 especially in types V and VI 
and in 1955 especially in type IV. 

Tables 32 and 33 give the figures for the nymphs and adults in 1954 and 1955. 
The ”14 May, 1954” correction (p. 398) was applied to Table 32. The numbers 
of nymphs of the first instar in types V and VI were augmented by 50 on the 
basis of the data obtained from the 22 quadrats which could be sampled on 
14 May. 

In both 1954 and 1955 there were few nymphs and adults of this species on the 
very thinly-covered places (types I and II). In 1954 the numbers were much larger 
in type III, although they rapidly decreased. The figures for the first to the fourth 
instar were 1.52, 1.23, 0.08, and 0.02 nymphs per quadrat respectively. 
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Table 32. The total numbers of nymphs and adults (a) of C. dhomarginatus found on the 
quadrats of each type of vegetation during the entire season in 1954. 


Instar 

1 

2 

3 

4 

a 

No. of quadrats 
sampled 

Type I 

11 

2 

2 

0 

0 

7 

Type II 

3 

3 

0 

0 

0 

3 

Type III 

73 

69 

6 

2 

4 

8 

Type IV 

183 

81 

21 

10 

51 

8 

Type V 

100 

86 

33 

26 

25 

9 

Type VI 

233 

509 

489 

475 

436 

11 

No. of samplings 

6 

7 

9 

10 

12 


Table 33. Same observations 

as Table 32, but in 1955. 




Instar 

1 

2 

3 

4 

a 

No. of quadrats 
sampled 

Type I 

37 

35 

13 

5 

3 

7 

Type II 

10 

3 

0 

0 

1 

1 

Type III 

— 

— 

— 

— 

— 

— 

Type IV 

280 

210 

46 

17 

61 

6 

Type V 

8 

24 

12 

14 

11 

3 

Type VI 

7 

45 

52 

84 

118 

6 

No. of samplings 

7 

7 

7 

4 

8 



Larger numbers were initially found for the first instar in type IV. In 1954 the 
numbers of the older nymphs decreased rapidly, i.e., from the first to the fourth 
instar the averages were 3.81, 1.45, 0.29, and 0.13 nymphs per quadrat respectively. 
In 1955 the decrease took place only after the second instar. This undoubtedly 
related to the prolonged cold spring. The average figures were 6.67, 5.00, 1.09, 
and 0.71, respectively. More adults occur in this type of vegetation than in the 
three previously mentioned types. 

No large numbers of this species were found in type V in 1953, 1954, and 1955. 
The figures for the first to fourth instar in 1954 were 1.85, 1.36, 0.48, and 0.29 
and in 1955: 0.38, 1.14, 0.57, and 1.16. In the terrain this vegetation type is 
found beside hedges and low shrub, surrounded by a thin grass cover and con¬ 
stitutes only a small proportion of the terrain. 

The numbers of nymphs found in type VI show the most interesting variations: 
the average figures in 1954 were 3.54, 6.60, 4.94, and 4.74 nymphs per quadrat 
respectively, and in 1955: 0.17, 1.07, 1.24, and 3.50. In both years a distinct 
increase in the numbers of the second instar was observed, caused by migration 
from less dense vegetation. The numbers of the older instars are much larger than 
in types I—^V. 

Types I and II. Very few nymphs and adults of this grasshopper species occur 
in the vegetations with a broken or unbroken moss cover and a very thin grass and 
herb cover. The numbers of insects on the quadrats with these growths are given 














Tables 34, 35, and 36. Numbers of nymphs and adults (a) of C. albomarginaius on quadrats belonging to different types in 1954. 
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Tables 37 and 38. Numbers of nymphs and adults (a) of C. albofnarginatus on quadrats beloging to different types in 1954. 
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in Tables 34 and 39, from which it can be seen that neither type provides a suitable 
habitat. Only a small number of nymphs hatch there and the numbers of older 
instars and adults are small to very small. 

More of the second and third instar occurred in 1955 than in 1954. If it may be 
assumed that the developing nymphs in these vegetations migrate in response to 
extreme microclimatological conditions occurring in the early summer and the 
absence of adequate shelter, the prolongation of this migration over a longer 
period in 1955 may be attributed to the relatively low temperatures in the early 
spring and early summer of that year, as a result of which extremely high tem¬ 
peratures did not occur until later in the year. 

In 1955 adults first were found after the middle of August. In 1953 and 1954 
the adults found on all of these quadrats were also first seen only after the middle 
of August. If migration occurred from the denser to the less dense vegetation, it 
would explain these small numbers. For the total number of adult insects in the 
field is in the process of decreasing strongly in the middle of August, while almost 
all the quadrats of both types are located at a distance of 50 metres from the 
growths in which the most adults live during the summer. 

Type III. In the quadrats covered with vegetations in which tussocks of Festuca 
ovina dominate heavily, the distance separating them from a high, dense grass 
cover (type VI) plays an important part in determining how many of this species 
are present. Table 37 gives the results of the 1954 counts (no inventory was made 
of this type of vegetation in 1955). Quadrats 39 and 44 lie at a distance of five to 
ten metres from the edge of the dense vegetations, and the other quadrats are 
separated from them by more than twenty metres. The numbers are not very large, 
but the difference is obvious. 

These vegetations are also hatching sites of nymphs which are rarely or never 
seen in them from the beginning of the third instar. Adults are also almost never 
seen. In 1953 they were seen in small numbers much later in the season; in 1954 
and 1955 the figures were negligible. 

Type IV. Nymphs of C, albotnargmatiis occur locally in this type of vegetation. 
Tables 38 and 40 give the data for 1954 and 1955, respectively. The quadrats 
with the most nymphs, including especially the first, second and third instars, lie 
in the vicinity of vegetations belonging to type VI in which especially adults are 
found in the summer (1954, Quadrat 5 and 1955, Quadrats 5, H, and J, in Tables 
38 and 40, respectively). The other quadrats of this type are located more than 
20 metres away of the edge of a high, dense grass cover. Only very small numbers 
of nymphs were seen on these quadrats. 

In 1953 sampling was not begun before the second half of June, a time at which 
in all three years few nymphs were still present. The fourth instar was seen in 
small numbers; in 1953 and 1954 adults were seen during August on the sampled 
quadrats of this type. This is remarkable because the first adults were seen in the 
field as early as 20 June in 1953 and on 14 June in 1954. In 1955 the first adults 
were not seen in the field until 5 July, while they were found in type IV on 25 
July during the sampling. Their late appearance in 1955 is attributable to the 


Tables 39, 40, 41, and 42. Numbers of nymphs and adults (a) of C. albotnarginaius on quadrats of different types in 1955. 
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retarded development of the nymphs caused by the low temperatures during the 
spring. 

Since it is excluded (certainly in 1953 and 1954) that the adults developed from 
the first instars present on these quadrats in the spring, this must have been a case 
of migration from other, in this case denser, vegetation. The low numbers are 
explained by the fact that here, too, the population throughout the terrain is 
becoming reduced. In addition, the surface of the terrain covered with type VI 
vegetation is appreciably smaller than that covered with less dense vegetation 
types. In other words, the spread is very large here, so that the chances of finding 
adults later in the season in type IV, on the small numbers of quadrats are very 
small. 

Type V. In this vegetation, very few nymphal stages and adults were seen in 
1953 and 1955; in 1954 rather more were observed. This can be clearly seen from 
Tables 35 and 41, which give the numbers found on the various quadrats belong¬ 
ing to this type, in 1954 and 1955. 

The adults were seen primarily in the summer months of July and August. 
Later, in September, they appear only sporadically. In view of the findings in the 
less dense vegetations, we may assume that the adults migrate out of type V 
vegetation during the month of August. 

Type VI. During a large part of the season C. albomarginatus is found (some¬ 
times in large numbers) in the high, dense grass cover of this type. This vegetation 
occurs in the lower, damp parts of the terrain, especially along hedges. In the 
lower parts the height of the grass cover is rather even, and large tussocks of grass 
alternate with a lower herb-rich cover. On the higher parts Calamagrostis eptgejos 
dominates, forming an unbroken cover. At first, in winter and early spring, the 
grasses that form by far the most important part of this type of vegetation still lie 
flat on the thick layer of dead grass which covers the soil. During the spring, 
sparsely scattered blades of grass begin to shoot up. In May and June, however, 
when the grass is 30 to 40 cm above the dead layer, it forms a complete cover. 
In the time during which it flowers, and the flower stalks stick out above the 
cover, the vegetation often does not become higher because the wind tends to 
flatten it. This creates a thick mat of grass on the ground. In the lower parts of 
the terrain, herbs flower locally between the grass clumps. 

Tables 36 and 42 give the numbers of nymphs and adults, as found from the 
various data of 1954 and 1955. Differences between 1953 and 1954 on the one 
hand and 1955 on the other, require separate discussion. 

In 1954, newly-hatched larvae were found on all the plots. Except for Quadrat 6, 
their numbers were consistently very small. The smaller nymphs can still be found 
in the as yet rather open grass cover in May, although extreme care had to be used 
in counting a three sq.m quadrat. It seems to me unlikely that the small numbers 
of the first instar are to be attributed to errors in the sampling technique. 

The numbers of the second and third instar are higher for almost all quadrats 
than the numbers of the first instar. Because mortality during development reduces 
the numbers of nymphs, this increase must be seen as the result of the arrival of 
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nymphs from less dense vegetations to these high, dense growths of grass. The 
adults occur in these vegetations from the beginning of July on. 

As for the type V quadrats (but here to a greater extent) the numbers drop 
sharply after the middle of August. Here, too, migration to the surrounding thin 
vegetations must be considered. 

In 1953, before the start of sampling, numerous nymphs of this species were 
found in the high, dense grass cover. In this year, too, the adults were pre¬ 
ponderantly found in this vegetation. After the end of August, however, the 
numbers of adults dropped sharply while an increase was found in other places. 
This phenomenon was clearly seen again in the part of the terrain in which Qua¬ 
drats 6, F, G (type VI), and 5, H, and J (type IV) (Table 40) were located. 
During the years of the investigation, this area had very large numbers of this 
species. The high, dense grass cover is dominated by Calamagrostis epigejos which 
grew very high (70 cm). Quadrats 6, F, and G lay about one metre within the 
border of this vegetation. Quadrats 5, H, and J were sampled over two to three 
metres from the outer border of the above-mentioned vegetation, being themselves 
covered with a type IV vegetation. Graph 2 gives an illustration of the situation 
on these quadrats. 

As early as 1953 it was evident that relatively large numbers of adults of C. 
albomarginatus occurred in Quadrat 6. The numbers dropped in the second half 
of August, while there was a distinct increase on Quadrat 5 in this period. In 1954, 
nymphs hatched in Quadrats 5 and 6. In 6, the numbers of older instars increased, 
but in 5 it dropped markedly. The numbers of nymphs were sharply reduced in 6 
during August, but in 5 they increased sharply. In 1955 the numbers of quadrats 
were increased in order to collect more data on this phenomenon. In that year 
few or no nymphs of the first instar were observed in Quadrats 6, F, and G, 
although eggs had been observed during the winter. In all probability, this 
phenomenon may be attributed to the effect of the very low night temperatures in 
the spring of 1955. In comparison with 1954, the numbers of older nymphs 
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Graph 2. Chorthippi4s albo?narginatus. Abundance of the various stages on the sampling dates. 
Absciss: dates on which the samples were taken; ordinate: number of specimens. Further 
explanation in text. Continued on next pages 
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remained small, and development was greatly retarded. The numbers of adults 
were not large, and they disappeared almost entirely from the sampled quadrats 
during the course of August. In Quadrats 5, H, and J of type IV, nymphs hatched. 
Adults were found there rather late in the season, although they were first 
observed on 5 July, 1955 in the dense, high grass cover. 
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We may conclude from these data that eggs of C. alhomarginatus are laid in 
both the dense grass cover and in the thinner vegetations. In spring, the second 
and third instar nymphs migrate to the denser and more protective vegetations, 
where the largest numbers are concentrated during the summer and the females 
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lay their eggs. Later in the season, in the second half of August and later, the 
adults migrate because the microclimatological conditions begin to deterioriate in 
the dense grass cover, shifting to the surrounding vegetations which are less dense 
and relatively warmer, in which they also oviposit. 

The same phenomenon is seen in 1955, but the picture is somewhat blurred 
because as a result of the lower temperatures in the spring and early summer, 
migration was apparently less pronounced. The rapid growth of the grass, espec¬ 
ially in type VI vegetation, also contracted the transition zone between the types 
of vegetation. In the summer of 1955, the largest numbers of adults were also 
found in this border zone. 

Summary. If C. albomarginaltts is followed during the season in this terrain, the 
following is observed: 

(a) As soon as the eggs of this species hatch, the first instar nymphs are found 
in almost all types of vegetation; 

(b) Very small numbers of nymphs hatch in vegetation types I and II; few 
are found in types III and IV except were they border on a high, dense grass cover 
in which many of the grasshoppers are seen during the summer; most of the 
nymphs hatch in types V and VI; 

(c) In types I—IV, the numbers of nymphs are rapidly reduced during develop¬ 
ment, and few or no adults are seen during most of the summer; 

(d) In types V and VI the numbers of the second and the third instar increase; 
in July and August the adults populate these types of vegetation; 

(e) Later in the season (in general, starting in the middle of August) very 
small numbers of adults appear in types I, II and III, and somewhat larger num¬ 
bers in type IV, while in the same period in types V and VI the numbers of adults 
drop or they disappear entirely. 

Results. Investigation of the occurrence of C. alhomaYginatus in the various 
types of vegetation distinguished here shows that this species and its stages 
occur not only in the high, dense, relatively moist grass cover but also in the drier, 
thinner vegetation. The hatching of the larvae was observed in many types of 
vegetation. 

During its development, this species was concentrated in the denser growths. 
The denser grass vegetations show an increase of the older instars. Adults are first 
observed late in the season in types I—IV, although they have long been present 
in the dense types of vegetation. There is evidently migration from the dense back 
to the less dense vegetation. 

The activities of the grasshoppers during the day 
Introduction 

The preceding chapter has dealt with the activities of the various nymphal 
instars and the adults of the three species of grasshoppers during the season. The 
present chapter is concerned with the activities of the grasshoppers during the day. 
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Attention was drawn to the daytime activities of these insects because, especially 
for M. maculaUis, it was observed that at particular places (Quadrats 2 and 11) 
there was a diurnal variation in the density of the population. What role is played 
here by the presence of a hedge or a shrub? Do the insects make use of such cover? 

We were unable to examine such factors for C. albomarginatus and C. bigut- 
tulus, but a description of the way in which the insects live in the vegetation will 
serve to clarify the influence of a number of factors that affect the choice of the 
area in which to live. 

The investigation of the activity of the grasshoppers during the day was carried 
out primarily in 1955. Observations were carried out in various types of vegetation 
under different weather conditions, sometimes several hours in duration. Attention 
was given to such behaviour as: eating, sunning, walking, jumping, courting, 
mating, egg-laying, and reactions to enemies. Special attention was given to the 
place and height at which the insects were found in the vegetation. All these 
activities are strongly dependent on the state of the weather. During rain or cold, 
cloudy weather the insects hardly move at all. With sunny, warm weather they are 
often extremely active, and are easily disturbed so that observation must be done 
unobtrusively. Observation was done from places where a number of grasshoppers 
could be seen simultaneously. The data collected for the three species will be dis¬ 
cussed successively. The observations concern primarily maculatus and C. albo¬ 
marginatus. C. biguttulus is extremely difficult to follow because especially the 
older instars and the adults are extremely active and sometimes range over large 
distances. 


The diurnal activities of M. maculatus 

During the morning this species shows almost no activity, in either the thin or 
denser vegetations, in the spring (May, June) and fall before 9:00 a.m. The 
nymphs and adults sit quietly on the ground or between the leaves of the herbs. 

As the day becomes warmer and the solar radiation begins to penetrate the 
vegetation, the grasshoppers begin to show activity; they walk and eat and the 
males begin to stridulate. As the morning advances, these activities increase. The 
males pursue the females, and courting becomes intense. The nymphs and adults 
both seek favourable places from which to profit from the sunshine. Oviposition 
is observed only in places where favourable substrates (especially type I) border 
on a more protective vegetation, and these are also the most heavily populated 
parts of the field. During the afternoon, as the sun reaches a lower position and 
the angle of its rays reduces their penetration, the activity subsides. In the spring 
and fall, activity ceases between 4:00 and 5:00 p.m. and during the summer 
months between 6:00 and 7:00 p.m. Only once have I heard a soft singing in a 
type IV vegetation around 9:30 p.m., on an occasion of high temperature and 
little wind. 

Thus on warm sunny days there is high activity throughout the day. On days 
with changeable weather, activity increases rapidly during the sunny periods, to 
drop as rapidly when a cloud passes over the sun. These changes are accompanied 
by fluctuations in the intensity of the song. It is of interest to mention here that 
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during the eclipse of the sun in 1955 a distinct decrease in activity was observed. 
On dark days activity is very low. With a cloudy sky and temperatures around 
17° C (measured in the weather shed at an altitude of two metres) only scattered 
soft song was heard and only a few eating insects observed. In this connection it 
may be mentioned that the activity of the grasshoppers held in cages in the 
laboratory showed a distinct increase when a lighted electric bulb was hung in 
the cage; singing and courting followed directly. 

Because a sufficiently large population occurs throughout the season in vege¬ 
tation types III, IV, and V, the diurnal observations were done systematically in 
them. With favourable weather conditions, more than 40 hours of observation were 
done in these types during various times in the season. Incidental observing was 
done during other weather conditions. The most active insects are the males. The 
nymphs and the females show little activity. They walk short distances, now in a 
sunny place and then again in the shadow of a grass tussock or the leaf of one 
of the many herbs. During the middle of the day, when the solar radiation 
penetrates deep into the vegetation, however, it is observed that many nymphs 
and adults are found not on the ground but some distance above it on a blade of 
grass or a leaf. 

A large number of grasshoppers were observed for two minutes per insect. 
The place in which they were located in the vegetation under various weather 
conditions was noted. These observations clearly showed that with strong radiation, 
during the middle of the day, most of the animals were found at a height of one 
cm or more in the vegetation. With alternating sun and cloudiness and/or much 
wind, most of the insects were seen on the ground. Before 10:00 a.m. and after 
4:00 p.m., the insects predominantly sat on the ground sunning themselves. These 
data, with the locally-measured temperatures, are given in Table 43. 


Table 43. 


Type of weather 

Temperature 

1 cm above ground 

No. 

of insects 

on ground 

1 cm high or higher 

strong sunshine 

30" C 

18 

56 

sunshine/ cloudiness/wind 

26—30" C 

23 

3 

before 10 a.m. & after 4 p.m. 

25" C 

27 

8 


With bright sunlight, the temperature close to the ground is appreciably higher 
than a few cm above it. The behaviour observed proves the fact that these animals 
also show a vertical migration. The assumption that by this migration they 
attempt to avoid extreme temperature, is very probably correct. In the tussock 
vegetations (type III), in sunny weather, we found the most grasshoppers during 
sampling in the tussocks on the grass blades at about five cm above the ground. 
Here again the insects apparently avoid the high temperatures above the moss 
layer and choose milder places where the temperature lies only a few degrees 
higher than the air temperature above the grass. For purposes of illustration an 
excerpt of the field-notes of 24 June, 1955, may be included here; it serves as an 
example of the behaviour in type IV vegetation in sunny weather with a weak to 
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moderate N-NW wind and occasional high-altitude clouds. The observation time 
was between 11:10 and 11:45 a.m. A male Ai. niaculatus was followed: 

11:10 a.m. — with flank partially in the sun on the rosette leaf of Hypochaeris 
radicata — shifts with the head towards the sun / 11:15 — entirely in sun on 
leaf, remains immobile till 11:21 — turns with head towards sun, creeps into 
shadow of leaf of Calamagrosfh ep/gejos, again turns half of flank into sunlight / 
11:26 — walks ten cm towards shadow of tussock of Festuca ovina / 11:29 — 
walks, jumps fifteen cm further along the ground, sits half in shadow with head 
in direction of sun, against a leaf, turns flank towards sun / 11:32 — stn’dulates 
in this position, walks further, eats on shady side of Festuca ovina (sun clouded 
over), insect leaves shadow (sun returns, veiled), insect turns with flank in sun / 
11:40 — (sun gone) head in sun, (sun back) sun on flank / 11:44 — creeps in 
shadow of clump of Festica ovina .11:45. 

Similar observations were consistently made for nymphs and adults in vegetation 
types III, IV, and V. The most striking point is that they alternately sit in the sun 
and then in the shade of a leaf or stalL No such opportunity is offered by the 
more open vegetations (types I and II), in which the environment is extreme and 
which are therefore almost unpopulated during the summer months. 

In places where types I and II vegetations border on type V or VII (the most 
populated parts of the terrain), the behaviour is even more remarkable. In these 
very thin vegetations, in contrast to other parts of the field, nymphs and adults 
are seen regularly. A series of continuous observations were made in this kind 
of vegetation. One of the observation points chosen was a small terrain with a 
low Salix repens growth along a strip approximately one metre wide, of almost 
bare sandy soil. On the other shide of this strip there was a vegetation of type IV 
with transtition to type V. Ai. niaculatus and a few C. higuttulus were pre¬ 
ponderantly observed here, with an occasional specimen of O. coerulescens. 

The observations were made in a plot two metres long and one metre wide of 
almost bare sandy soil for a total of six days, representing 58 hours (Tables 44 
and 45), by two observers in a position to note all grasshoppers going or 
coming between types VII and IV, and the stretch of sand. The total 
observation time was divided into half-hour periods. For each period notation was 
made of the numbers of insects present on the strip as determined by the numbers 
which left or entered the strip, as well as their activities such as eating, oviposition, 
walking, etc. Notes were also made of the behaviour of the grasshoppers present 
in the Salix growth. Table 44 gives the numbers of males and females observed 
in the strip in the successive half-hour periods, the numbers of females which dug 
into the soil with their abdomens while searching for oviposition substrates, and 
the numbers of females which then laid eggs. The cloudiness in the various periods 
is indicated by the letters A—D. 

The weather conditions on the different days were: 

25 July — moderate NW wind, sunny, occasional high-altitude clouds, in the 
afternoon increasing cloudiness, after 6:30 p.m. very cloudy with some rain; 

26 July — moderate NE wind, half overcast; 

27 July —- sunny, warm weather, clear, later in the day some cloudiness; 



Table 44. Observations on activity of M. maculatus. 
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28 July — rather strong N-NE wind, initially cloudy, later half overcast; during 
the afternoon distant thunder showers followed by half to full overcast; 

29 July — heavily overcast, somewhat less during middle of day, some sunshine 
later followed by heavy overcast and drops of rain; moderate N-NE wind; 

30 July — heavy overcast before 8:00 a.m., light to heavy overcast throughout 
day, light N wind; 

1 Aug. — initially cloudy, completely overcast between 8:30 and 10:00 a.m., 
followed by some variation in light NE wind; 

5 Aug. — sunny, warm weather, some distant clouds. 

The general picture of the diurnal activities can be sketched as follows. In the 
morning before 8:30 in sunny weather few or no insects are seen on the open 
sandy soil. Initially there is also no activity in the Salix growth. As the effect of 
the sun becomes stronger, the latter places begin to show signs of life, soft 
stridulating is heard and here and there the insects begin to eat the grasses. 

Males soon arrive on the sand; they jump rapidly out of the plant growth, 
sometimes two or three at once, and then return just as rapidly. Once in a while 
a female is seen, often pursued by a number of males. In the shrub stridulating 
and courting increase. After 9:00 a.m. there are more insects on the sand. Most 
of the females are animals which, in view of the size of their abdomens, will 
shortly begin to oviposit. These females often are seen digging into the sand with 
their abdomens. Now and then this digging is followed by oviposition. The laying 
of eggs is confirmed by the size of the females’ abdomens. The females then 
usually disappear again into the Salix or along its edges (oviposition in the shrub 
was not observed). 

As soon as the sun is covered by clouds the male song ceases and the number 
of arrivals from the Salix on the sand also drops sharply. 

In the middle of the day when the weather was very warm, the activity was 
concentrated under the Salix overhanging the sand. After 6:00 p.m. most of the 
insects return to the shrub, where they remain throughout the night. 

On days when the sky was completely overcast (e.g., 29 July, 1955), few insects 
were seen on the sand. When the sun came out briefly during the afternoon or a 
little radiation penetrated the thin cloud cover, more insects appeared on the sand 
although activity remained low. Although oviposition was primarily observed on 
sunny days, egg-laying females were also seen on darker days when a number of 
days of dark, cold weather were followed by a day with higher temperatures. This 
is undoubtedly a case of increased drive, as a result of which oviposition is resumed 
even under less favourable conditions. During the six observation days, boring was 
seen I6l times, followed in 40 cases by oviposition. 

It should be noted that the observations included in Table 44 do not directly 
reflect the movements from and to the surrounding vegetation; the course of the 
activities is presented as a static picture. Table 45, however, gives the numbers of 
adult insects, which in each of the half-hour observation periods on 30 July, 1955, 
went from the Salix and type IV vegetation to the sand and back. This table clearly 
shows that Table 44 gives an inaccurate picture of the local situation: the actual 
population is in motion, and it is quite clear that the presence of the denser 
vegetations in the immediate vicinity is of conclusive significance. 
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Table 45. Obsen^ations on activity of Ai. maculatus. 



From shrub 

to bare area 

From bare area 
to 5^?//Ar-shrub 

From Type IV 
to bare area 

From bare area 
to Type IV 

o 

1 

00 

o 

o 

_ 

_ 

— 

— 

8:00— 8:30 

1 

— 

— 

— 

8:30— 9:00 

3 

— 

— 

— 

9:00— 9:30 

10 

— 

2 

— 

9:30—10:00 

4 

3 

1 

— 

10:00—10:30 

2 

— 

— 

2 

10:30—11:00 

7 

2 

4 

2 

11:00—11:30 

3 

5 

1 

— 

11:30—12:00 

6 

2 

2 

1 

12:00—12:30 

6 

4 

4 

4 

12:30—13:00 

7 

7 

2 

1 

13:00—13:30 

7 

11 

1 

1 

13:30—14:00 

4 

1 

3 

1 

14:00—14:30 

5 

3 

3 

4 

14:30—15:00 

12 

4 

5 

2 

15:00—15:30 

5 

4 

1 

— 

15:30—16:00 

2 

1 

6 

3 

16:00—16:30 

2 

3 

5 

— 

16:30—17:00 

5 

— 

2 

— 

17:00—17:30 

4 

6 

4 

1 

17:30—18:00 

5 

3 

— 

1 

18:00—18:30 

2 

4 




A simular situation is found in the part of the terrain in which Quadrats 2 
and C are located, where the behaviour of AL maculatus during the day was also 
studied. During sampling, this species was seen regularly. Closer observation 
showed that they came from the neighbouring vegetation during the morning and 
returned there during the evening. The activity was often great: there was a 
continuous procession from the bordering vegetation to the open vegetation and 
back again. 

Concerning the factor of food, it may be noted that from among the large num¬ 
bers of species of herbs and grasses, there is a strong preference for the grasses. 
Observations concerning the use of food plants were made during the study of the 
diurnal activities in particular, but also during other investigations. A list is given 
in Table 46 of a number of plant species predominating in the vegetation of the 
terrain studied, and the numbers of times Al. maculatus was observed feeding on 
these plants is indicated. 

The preference for grasses and Carex arenaria is clear, and Festuca rubra subvar. 
arenaria forms the main food of the grasshoppers under observation. It was striking 
that nymphs and adults preferred blades of grass lying on the ground to erect ones. 
Although especially the tips of the blades are gnawed off and eaten, grasshoppers 
were seldom seen in the erect grass. The wide, stiff leaves of Calamagrostis 
epigejos are also seldom used for climbing. The first instar fed at their hatching 
sites (types I and II), especially on Phleum arenarium which is abundant during 
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the hatching period (April and May), and on Festuca rubra subvar. arenaria. It is 
striking that almost no herbs are consumed. When the insects have no other choice, 
for instance in the laboratory, herbs are also used as food. Galuan verum var. 
maritimum is, however, consistently refused, and when a grasshopper gnaws one 
of its leaves, death follows rapidly. In this connection it is remarkable that for 
O. coerulescens it was observed several times in the field that these insects consume 
Galium verum var. maritimum without adverse effects as shown by the check. 


The diurnal activities of C. higuttulus 

The low population density of C. higuttulus in the terrain meant that only a 
small number of observations of the activities of this species could be collected. 
The study of the distribution of C. higuttulus indicated that in the period in which 
older nymphs and adults occur, they are to be found primarily in the dense grass 
cover (types V and VI). Most of the insects were found, however, in the grassy 
edges of the south side of the hawthorn hedges surrounding the terrain, but for 
technical reasons these grassy strips could not be quantitatively sampled. The 
observations of the activities of these insects were done mainly in these border 
strips, although they were greatly hampered by the thickness of the grasses. 

Most of the diurnal activities of C. higuttulus, as for M. maculatus, were ob¬ 
served on warm, and especially sunny, days. The insects are unusually active under 
these conditions, particularly the adult males, which walk through the vegetation 
a great deal. In addition, and more than for the other two species, they are observed 
to make jumps for which they sometimes use their wings. In a few cases, males 
could be followed over long distances thanks to an aberration in song. In this way 
it was observed that on warm and sunny days they covered a distance of about 
20 metres through various types of vegetation within a period of three hours, 
without using the wings in jumping. C. hrunneus also shows this tendency to cover 
long distances often without flying. On a few occasions it was observed that an 
adult flew from a sun-warmed wall to a height of 50—100 cm above the ground 
and landed 10 to 15 metres away in a hedge, from which a new flight soon 
followed. 

During the morning many of the insects sit sunning themselves. For this they 
often use wide leaves, particularly horizontal ones like those of blackberry bushes 
and the lowest branches of the hawthorn trees. With strong solar radiation they 
become more active and alternate between sitting in the full sunshine and in the 
shade provided by leaves and stalks. 

A special form of migration was observed in part of the terrain shaded on its 
southern side in the afternoons by a wide, high hawthorn hedge. The vegetation 
consisted of a dense grass cover (type VI) shifting in the direction away from the 
hedge to a type V vegetation. In the morning, adults of C. higuttulus were seen 
in type VI vegetation. In the afternoon, when this vegetation was in the shade, 
the largest numbers of insects were to be found in the type V, which still lay in 
the sun. Observations at this place showed that as the shade extended over the 
vegetation, the insects avoided it as much as possible by shifting to sunny spots. 
This occurred for the most part by walking, but also with small jumps. This 
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species is distinguished in its behaviour by being markedly more active than the 
other two species, which enables it to find the spots with the most sun. 


The diurnal activities of C. albomargtnaius 

The activity of C. albomargitiatus was studied in the most heavily populated 
parts of the terrain: the Calaniagrostis eptgejos growths which included Quadrats 
6, F, and G. In this vegetation, observation is difficult because the grass is so thick 
and the grasshoppers can be seen only along the edges of the growth. 

The activities were nevertheless studied within the vegetation, making use of a 
ladder placed over the grass. The series sampling showed clearly that in 1955 in 
this growth few insects were present, i.e., one to nine insects per square metre 
(on the sampled quadrats, while along the edges the number was estimated at 
at least fifteen per square metre). 

The broad picture sketched for Al. maculatus agrees in general with that for 
C. albojiiarginatus. The activity is highest with favourable weather conditions; in 
dark or rainy weather little movement is observed. Continuous observations were 
made in sunny weather in July and August, 1955 and give a picture of the insects 
activities in this vegetation during the day. Quantitative data are almost impossible 
to collect, however, because of the relatively few insects seen. 

Before 9:00 a.m. little occurs in the grass cover. Most of the insects are found 
at a level just under the upper grass leaves at a height of 40—60 cm, which 
particularly in the middle form a dome above the space between the leaves and 
stems. Between 10:00 and 11:00 a.m. on the sunny side (SE) many insects were 
seen between the blades at a height of 10—20 cm above the ground. They sit with 
their heads pointing upwards sunning themselves, a few eating from the leaf. 
They are also observed on dead grass on the ground, and in the surrounding, less 
dense vegetation. 

On the shady side (NW), however, none are found on the ground; they sit in 
the tops of the grass, sunning themselves and eating. Later in the morning courting 
occurs, but on the whole these insects are not very active. There is much less 
movement than is seen for M. maculatus. 

The border areas which are shaded in the morning, now begin to receive more 
sun, and the insects move towards lower levels while in the now shaded parts 
most of them seek higher places between the grass blades. At about 3:00 p.m. 
the picture is the opposite of the morning situation. After 4:00 p.m. it is observed 
that on the side of the vegetation on which the sun shines, the nymphs and 
adults begin to climb higher in the vegetation. When the sun sinks lower, the 
leaves and stalks of the surrounding vegetation create a great deal of shade, and 
this probably explains the vertical migration. The grasshoppers which find them¬ 
selves shaded by a leaf climb continually higher, consistently seeking the sunniest 
spots. When there is a lot of wind on the sunny side, most of the insects sit to sun 
themselves not on the outer side, but between the first rows of blades. Later in the 
day courting drops in intensity and more eating insects are seen. From this point 
activity decreases and the largest numbers are found high between the stalks. 

The consistent search for the "sun” was successfully observed in an open space 
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with a diameter of about 75 cm in the middle of the vegetation. The largest 
numbers were at first found high between the leaves, and then as the sun rose in 
the sky they went lower on the side exposed to the sun, and continued to choose 
the sunny side until later in the afternoon they were again found high between 
the tops of the plants. 

The reactions to various weather conditions indicate that this species, too, is 
extremely sensitive to heat, and especially that due to direct radiation. As Stout- 
JESDIJK (1961) demonstrates, in dense grass vegetations like the Cala? 7 iagrostis 
growths mentioned here, the highest temperatures are measured at the level of the 
leaf-tips, and this is where during the entire day, in the summer months, the 
nymphs and adults of C. alhomarginatus were observed. They migrate to lower 
levels only when there is a great deal of wind. 

In irregular, dense vegetations the highest temperatures are measured in the 
layer of dead leaves on the ground. A comparable situation is encountered in our 
case, namely in the opening in the dense vegetation and along its edges where the 
dense grass cover is very irregular and shows a gradual transition to more open 
vegetation. Where the rays of the sun can penetrate to the soil, the highest tem¬ 
peratures are found on the ground. When this radiation is interfered with by 
shade from the surrounding dense grass cover, the highest temperatures are found 
at higher levels where the direct effect of the radiation is found. The nymphs and 
adults of C. alhomarginatus consistently seek the warmest places in the grass cover, 
producing vertical migration along the edges and in open spaces of the dense 
grass cover. 

For this species a few data were also collected concerning its choice of food in 
the field. The dense, high grass cover in which most of the observations concerning 
diurnal activity were made, is composed of a vegetation of Vestuca rubra subvar, 
arenaria and Carex aret 2 aria, dominated by Calamagrosits epigejos. Other grasses 
and herbs are poorly represented, including Holcus lanatus, Poa pratensis var. 
himiilts, Achillea millefolium, Plantago lanceolatum var. sphaerostachya, Vida 
cracca and Ru?nex acetosa. The 4l observations of eating habits in this vegetation 
are shown in Table 47. 

The first two grasses, which form the principal mass, are the most frequently 
eaten. 

In 1956 a number of nymphs were put in a cage which was placed over a piece 
of grass cover of type V vegetation. In this grass cover the predominating species 
were Festuca rubra subvar. arenaria and Agrostis tenuis, and Cala?? 2 agrostis epi¬ 
gejos, and in lesser amounts Carex are?jaria, Galium verum var. 77iaritimum, Achil¬ 
lea ??iillefolium, Poa pratensis var. hu?7iilis, Cerastium arvense, Thymus pulegioides, 
and Lotus corniculatus var. ciliatus. Twenty nymphs of the second to the fourth 
instar were observed within two hours; a total of 93 feeding observations were 
made (Table 48). 

In this type of vegetation, too, only grasses were eaten, herbs were not touched. 

A similar arrangement was used over a grass cover of type IV vegetation in 
which the herbs predominated more than in the above-mentioned cover. Forty 
feeding observations were made in two hours of observing (Table 49). 

Here again the grasses are preferred. Calamagrostis epigejos was not eaten in 
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Tables 46 —49. Numbers of feeding observations, for explanation see text. 


Table 46 M. inaculattis 
Festuca rubra subvar. arenarta 261 

Festuca ovlna 19 

Calamagrosth epigejos 1 

Pbleujn arenarium 1 

Poa pratensls var. hu7niUs 0 

Agrostis tenuis 13 

Corynephorus canescens 0 

Car ex arenaria 28 

Galium rerujn var. marithnum 0 

Lotus corniculatus var. ciliatus 0 

Thymus pulegioides 0 

Leontodon nudicaulis 0 

Flieracium pilosella 0 

Achillea tnillefolium 1 

Cerastiujn arreuse 3 

No. of feeding observations 333 


Table 47 C. albo7narginatus 

Festuca rubra subvar. arenaria 23 

Calam agrostis epigejos 16 

Carex arenaria 1 

Vida c race a 1 

No. of feeding observations 4l 

Table 48 C. albomarginatus 

Festuca rubra subvar. arenaria 38 

Agrostis tenuis 13 

Calamagrostis epigejos 37 

Poa pratensis var. humilis 5 

No. of feeding observations 93 

Table 49 C. albomarginatus 

Festuca rubra subvar. arenaria 17 

Agrostis tenuis 13 

Festuca ovina 3 

Carex arenaria 4 

Plantago lanceolata var. sphaerostachya 3 
Calamagrostis epigejos 0 

No. of feeding observations 40 


the observation period, but is very thinly distributed with few stalks in this cover 
and was therefore rarely encountered. 

When the insects have a free choice, their food is chiefly the grasses and Carex 
arenaria. These grasses occur in almost the entire terrain. Herbs are apparently 
not considered as food even when they occur frequently in the vegetation. In the 
laboratory such herbs as Lotus corniculatus var. ciliatus, Achillea ??tillefoliu7n, 
Hieracium pilosella, and Thytttus pulegioides are eaten when little or no grass is 
present. Gallium verum var. tnaritimum was consistently refused by C. albotJiar- 
ginatus when offered as food in the laboratory. When an occasional insect 
’’nibbled” on a leaf of this plant, it died within 24 hours. 


Summary 

(1) Aspects of the lives of three species of grasshoppers (Af. maculatus, C. 
biguttulus, and C. albotnarginatus) in their environment were investigated. These 
investigations were intended to provide a better understanding of the distribution 
of these species in the dunes of Voorne (The Netherlands). This distribution was 
seen as an aspect of the inter-relation of the animated and the inanimate world. 
This inter-relation can be considered in terms of the related quantities or in terms 
of the phenomenon of the relationship itself, in the sense of interaction between 
the factors. 

The investigation described here was based on a number of selected quantities: 
the development of the vegetation with the change of the microclimate and the 
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development of the grasshoppers. A study was made of the influences which the 
inter-relationship of the quantities exercises on the distribution of the grasshoppers. 
This inter-relationship has a special expression in the occurrence of migration in 
many phases of the life of the insect, another indication that this inter-relationship 
is dynamic in nature. 

(2) The technique consisted of a series of samplings in various types of 
vegetation distinguished according to structure. Each sampling reflects the situation 
at a given time. A series of these samplings throughout the year gives a picture of 
the modifications occurring in the distribution of the grasshopper population. In 
addition to the investigation of the distribution of the various immature stages of 
the insects, attention was also given to their activities during the day under various 
weather conditions and the influence of the microclimate. The essential points may 
be recapitulated here. 

(3) The vegetation is for the grasshopper one of the most important and 
predominant factors in its environment. Variations in distribution, however, cannot 
be explained on the basis of dependence on the vegetation as food source because 
in the dune region the insects eat many species of plants and certainly the most 
frequently occurring species of the grasses. What the investigation showed especi¬ 
ally clearly was that the structure of the vegetation plays an important part in the 
distribution observed. It was also seen that the characteri 2 ation of the structure 
of the vegetation by means of the French-Swiss method of vegetation description 
was too limited. Seven structural types had to be distinguished in the present study. 
These types and the internal changes occurring in the course of the year and from 
year to year are described. 

The various types of vegetation have a strong influence on the microclimate. 
Since both the vegetational structure and the macroclimate are subject to changes 
in the course of time, the microclimate will also vary continually. 

(4) The distribution of the grasshoppers is determined in the first instance 
by the site of oviposition. The location of these sites was studied by field sampling 
during the time in which the nymphs hatch. This study showed that various influ¬ 
ences are present, such as the distribution of the adults, and the choice of ovi¬ 
position substrate in the preceding year. These influences and the influence of 
the combination of vegetation and microclimate on the egg, were expressed not 
only in the peculiar distribution of the hatching sites but also in the time at which 
the nymphs appeared in the various types of vegetation and the numbers of nymphs 
hatched there. 

(5) The further distribution of the insects from the hatching sites over the 
field is distinctly affected by the development of the vegetation and events in the 
microclimate, which close interconnection is striking. 

In general, it may be said that from spring to summer migration occurs from 
the less dense to the denser vegetations, a tendency observable in all three species. 

Concerning two aspects, the microclimate and the demands made by the insects 
in the various immature stages on their surroundings, the following may be said. 
The first instars of M, maculatus and C. bigtitUilus are almost unable to find 
shelter against strong solar radiation, hail storms, etc., in vegetation types I and II. 
They migrate and we then see an increase in the numbers of the third and fourth 
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instar in type V. In type V the microclimate is more clement and high temperatures 
do not occur; but the fertilized females require an oviposition substrate, causing 
a return to types I and II. In types III and IV, in which structural changes are less 
distinct, the insects find not only shelter in the shade of grass tussocks and between 
the herbs covering the ground, but also adequate opportunity to sun themselves. 
They are able to maintain themselves in this type of vegetation. 

Nymphs of C, alhomarginatus, hatched in types III and IV, leave this vegetation. 
At this time an increase in this species is seen in type VI. 

(6) As an example of the influence of the macroclimate, the following may 
serve: As a result of the cloudy weather in the spring of 1955, the microclima- 
tological conditions on plots with vegetation of types I and II were far less extreme 
than in the preceding year. We see in consequence that the insects remained 
much longer on these plots, another indication that these conditions are the primary 
factor under the influence of which the nymphs leave this type of terrain, and not, 
for instance, the food factor. The climatological conditions had an inhibitory 
effect on migration, but an activating effect on the growth of the vegetation. 
Consequently all types of vegetation were denser at the time of migration than in 
both preceding years, so that migration was more restricted than in 1953 and 1954. 
During both these years, only the edges of type V were populated by M. maculatus 
and C. bigi^ttulus. This vegetation approached more closely the characteristics of 
type VI. C. alhomarginatus was also found only in the border zone of type VI. 

It may be concluded from this that the insects inhabit the same types of vege¬ 
tation as in the preceding year, but their distribution over the inhabited terrain 
varies, and may do so from year to year. 

(7) During the summer months the situation is as follows: M. maculatus and 
C. biguttulus are found seldom or never in types I and II, in small numbers in 
types III and IV, and in the largest quantities in type V. C. albo77iarginatus is 
found especially in type VI or in the dense grass borders of type VII; elsewhere 
the numbers are small. In this period the vegetation has reached its maximum 
growth, and it is thanks to the many horizontal leaves in type V that a ’’geophilic” 
insect like M. maculatus (and this holds to a certain extent for C. biguttulus as 
well) can live in this dense grass cover. In the dense, high grass cover, indeed, 
we find these species almost exclusively along the edges, while C. alhomarginatus 
is able to move throughout this heavy cover. 

Local variations from this situation are found in the distribution of M. maculatus 
and C. biguttulus. In a few spots covered with types I and II vegetation, individual 
specimens of these species were seen throughout the season, first nymphs of the 
various stages and later adults as well. This was possible because of the heavy 
grasshopper traffic between these terrains and the surrounding types V and VII 
vegetations. Observations during the day showed that on warm days many of the 
females search for a suitable oviposition site, which is rarely or never found in 
type V, and during this time they are pursued by males. These activities, however, 
are strongly dependent on the weather conditions. In dark, cold weather or in the 
early hours of the morning or evening, most of the insects are to be found in the 
denser grass cover. Only with increasing radiation does the activity increase and 
a varying number moves in and out of the vegetation. But also within a given 
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type migration can be observed throughout the day. With strong sunshine it is 
seen that the insects make alternate use of sunny and of shaded, cooler spots. 

As a result, we see that in their area the greatest numbers of individuals of 
M. maculatus and C. bigiittulus are found where not only suitable oviposition sites 
but also suitable places in which to live occur in the immediate vicinity. In parts 
of the terrain comprising many square metres of suitable oviposition substrate, 
the population density is very low if no suitable places for the nymphs and adults 
are available in the neighbourhood. Where suitable type V places in which to live 
are found, M. 772aculatus is encountered only in places which border on an ovi¬ 
position terrain. C. bigiittuhis is found much deeper in these growths; it is also 
far more active than M. 7nactilatus, 

(8) Later in the season, from the middle of August on, new changes take place 
in the distribution. In the open vegetations, increasing numbers of adults are 
observed, and in the denser types V and VI there is a distinct decrease (for C. 
albomarginaUis) or even total disappearance (the other two species). In the first 
place, it seems self-evident to assume that with increasing age the adults make 
different demands on the environment (oviposition). In the second place, changes 
in the microclimate in the late summer period begin to play an important part. 
The continually lower position of the sun and the cooler nights accompanied by 
local mist clearly affect the denser vegetation in which the day and night tem¬ 
peratures are both lower than in July. In the more open vegetations the soil still 
reaches appreciable temperatures during the day and even during the night remains 
warmer than in the denser vegetation. In this period females are regularly seen 
almost ready for oviposition. They are then found in places where they have not 
been seen previously, as for instance in types I and II. The distribution of these 
females is a contributory factor for the distribution of the young insects in the 
spring. The late summer migration, however, is not so extensive that adults are 
found in all parts of the terrain with open vegetation. During October the last 
of the adults die. 


Discussion 

(1) The preceding summary was given in order to bring out the peculiar 
features contributing to the picture of the distribution of the grasshoppers in a 
given area. This basis requires a still broader interpretation to include all these 
phenomena as a whole. The problem is to determine in what framework to place 
the picture which evolved from the investigation. 

In discussing the relationship between organism and environment, I would like 
to take as my starting point the concept ’’habitat” as one of the frequently used 
ecological concepts. It is used by many investigators, but always formulated some¬ 
what differently. The difficulty arises from the fact that there is a constant shift 
in emphasis from animal to environment and from environment to animal, while 
the interrelation between the two is often left very vague. Some authors use a 
’’physiognomic areal concept” (see Carpenter, 1956) in which the habitat is 
defined in terms of the character of the landscape or on the basis of an ’’environ¬ 
mental factors concept” which includes only selected factors (see Carpenter, 
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1956) or, as proposed by Clements (1905): the habitat is ’’the exact equivalent 
of the term environment”. Pearse (1926) includes animal and environment in his 
definition of habitat: ’’there is some place where an animal system of activities 
finds an environmental system of activities”. Park (Allee et al., 1949) makes 
the relationship of the animal with its environment clearer by pointing out that 
the species of animal in its habitat has reached a ’’survival level”. In its environ¬ 
ment it has become ’’self-sustaining”. The various definitions contain elements 
indicating that there is a tendency to place the inter-relationship between animal 
and environment more in the foreground. Pearse, for instance, mentions the pos¬ 
sibility of the animal to maintain ”a reasonable condition of stability” in its 
existence. In this phrase, however, the inter-relationship is more assumed than 
made the keystone of the definition. 

Peus (1954) and Bodenheimer (1958) see the relationship more sharply. 
Peus proposes the concept "Oekologischer Umwelt” and Bodenheimer more or 
less in agreement with Peus, uses the concept ”Ecoworld” to emphasize the con¬ 
nection somewhat more strongly. Bodenheimer understands under this term: ’’the 
combination of all exogenous and endogenous factors, processes and organisms 
which have any relation —• whether directly or not directly perceived — to the 
living species”. And to avoid any misunderstanding of his meaning, he again 
clearly states: ’’The species itself is of course an integral part of this eco-world”. 
Although not expressed directly, it is implied here that Bodenheimer makes the 
integration of the quantities so central that the topographical aspect is neglected in 
his approach. 

(2) The observations indicate that a study such as this cannot be limited to 
the simple notation of the places in which the animals occur, a technique which 
results in what is called a pattern or mosaic of the distribution. The actual situation 
in the field requires a somewhat different basis. The presence of the animal cannot 
be seen as simple presence, it must be seen as the representation of a situation 
belonging to a particular moment in a particular place. This approach introduces 
the character of a transitional situation, i.e., it assumes its significance when 
considered in the light of what has already occurred and what is to occur. 

In addition to changes in distribution from year to year and within each year, 
from week to week and from day to day, there is also variation within each day 
which is closely related to the development of the vegetation and the microclimate 
and the physiological condition of the animal. The situation at the end of one 
year also determines the situation at the beginning of the next. 

The complexity of the inter-relationship becomes clear as soon as the external 
factors seem to predominate in determining the course of events, as for instance in 
spring when the quantity of solar radiation is important for the hatching of the 
eggs, or when the extreme conditions of terrains of type I and type II are primarily 
responsible for migration to the denser vegetations. Then again it is the internal 
factors that are of dominant importance, for instance because the fertilized females 
have specific substrate requirements to lay their eggs or because the distribution 
within the vegetation is limited because of the nature of the behaviour or structure 
of the organs or locomotion. 

It is clear from the foregoing that the distribution itself has a developmental 
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process, for which a complex inter-relationship between internal and external fac¬ 
tors is responsible. In the distribution of the insect, the nature and result of this 
interaction is expressed, which is to say that it provides the basis for drawing 
conclusions about the inter-relationship. 

The concept ’’habitat” discussed above is inadequate to cover the inter-relation¬ 
ship, which is both functional and topographical in nature. To express both aspects 
in the inter-relationship more effectively, I would like to propose the concept ’’vital 
space”. The ’’vital space” is the totality of relationships in which animal and 
environment are involved with each other, and one which is subject to change from 
moment to moment. We have to do with a complex of relationships between 
quantities in which the relationships are expressed in ’’actions”. These ’’actions” 
can be deduced from aspects of the activities of the animals, and this describes the 
character of their vital space. 
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